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INTRODUCTION  OF  MODERN  GEOLOGY  INTO 

AMERICA 

By  Charles  Keyes 

It  was  a  queer,  fortuitous,  and  yet  quite  noteworthy  circum¬ 
stance  that  the  precepts  which  were  formulated  by  William  Smith, 
the  father  of  modern  geology,  and  which  still  lie  at  the  bottom  of 
our  accepted  scheme  of  geological  correlation  and  chronology, 
should  have  been  put  to  test  practically  in  a  then  remote  and  un¬ 
known  corner  of  our  continent  almost  as  soon  as  they  were  an¬ 
nounced  in  England,  the  land  of  their  birth. 

That  America  should  so  early  and  from  such  an  unexpected 
quarter  as  far  away  Iowa,  in  the  Upper  Mississippi  Valley,  furn¬ 
ish  substantial  aid  in  support  of  the  newly  promulgated  principles 
was  a  fact  of  something  more  than  passing  notice.  The  attendant 
circumstances  were  long  since  all  but  forgotten.  In  the  few 
casual  references  made  to  them  in  the  passing  years  either  their 
true  import  was  misunderstood  or  familiarity  with  the  underlying 
conditions  was  lacking. 

Both  as  the  first  successful  application  of  modern  principles  of 
geology  in  the  Western  hemisphere  and  as  the  maiden  attempt, 
as  it  proved  to  be,  at  world-wide  stratigraphical  correlation,  this 
event  must  ever  remain  one  of  the  outstanding  features  in  this  his¬ 
tory  of  geological  science. 

Strangest  of  circumstances  was  it  that  this  primal  American 
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effort  at  correlation  by  means  of  their  fossil  contents  of  rock 
formations  widely  separated  geographically  was  not  made  in  that 
portion  of  our  continent  which  was  at  that  time  most  accessible, 
and  where  it  was  most  natural  to  expect  it  —  that  is,  along  the 
well-settled  Atlantic  border  —  but  in  the  then  remotest  section  of 
the  Upper  Mississippi  valley.  These  quite  remarkable  observa¬ 
tions  and  comprehensive  generalizations  antedated  by  fifteen  years 
Samuel  Morton’s  celebrated  similar  effort  on  the  Tertiaries  of  our 
Atlantic  sea-board  commonly  regarded  as  the  initial  attempt  in 
America  along  these  lines.  By  two  full  decades  were  they  in 
advance  of  the  first  work  of  that  pioneer  American  paleontologist, 
Lardner  Vanuxem.  They  clearly  anticipated  by  an  entire  gener¬ 
ation  the  famed  investigations  of  Thomas  Conrad  and  James  Hall 
of  New  York.  Indeed,  they  were  the  means  of  actually  and  cor¬ 
rectly  interpreting  the  true  position  and  the  characteristic  biotic  re¬ 
lations  of  the  Carbonic  rocks  of  our  Continental  Interior  a  half  cen¬ 
tury  before  the  geologic  age  of  these  terranes  was  otherwise  gen¬ 
erally  admitted.  The  Mississippian  Limestones,  as  these  rocks 
were  finally  designated,  remained  in  later  years  as  compact  and 
as  sharply  delimited  a  sequence  of  geologic  terranes  as  they  ap¬ 
peared  when  first  recognized  in  that  memorable  summer  of  1809. 

Lewis  and  Clark  had  hardly  returned  from  their  famous  ex¬ 
ploratory  expedition  through  our  newly  acquired  Louisiana  Pur¬ 
chase  and  across  the  continent  to  the  Pacific  Coast  before  Ameri¬ 
can  naturalists  began  to  penetrate  this  long  forbidden  garden. 
First  of  Eastern  explorers  to  reach  the  confines  of  that  vast  sav¬ 
age  country  out  of  which  before  so  very  long  so  many  great  states 
were  to  be  graved,  was  a  Philadelphian,  Thomas  Nuttall  by  name, 
whose  claims  to  fame  and  greatness  rest  securely  upon  his  many 
discoveries  concerning  the  plants  and  birds.  Nuttall’s  scientific 
exploits  in  the  demesnes  of  botany  and  ornithology  were  so  signally 
important  and  so  voluminous,  that  the  fact  that  he  creditably 
performed  deeds  of  great  valor  on  the  geological  field  goes  almost 
unheeded. 

Curiously  enough  this  earliest  geological  episode  in  the  West 
is  also  the  most  important  event  in  earth-study  for  the  entire  con¬ 
tinent  during  a  hundred  years.  In  some  of  its  aspects  it  is  even 
world-wide  in  its  significance. 

Our  especial  interest  in  this  naturalist,  Nuttall,  who  enables  us 
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only  a  short  time  ago  to  solemnize  our  first  centennary  of  modern 
geology  is  not  so  much  in  the  man,  or  in  the  scientist  as  it  is  in  his 
remarkable  achievement  of  making  the  first  successful  application 
of  modern  geological  principles  in  the  New  World.  It  is  an  epi¬ 
sode  that  must  ever  remain  one  of  fundamental  import  in  the 
history  of  American  geology. 

Old  Wernerian  influences  which  dominated  geological  science 
throughout  Europe  and  colonial  America  during  the  Eighteenth 
century  and  the  early  decades  of  the  Nineteenth  century  all  but 
missed  touching  lowa-land.  When  William  McClure,  who,  a 
hundred  years  ago,  was  long  president  of  the  American  Philoso¬ 
phical  Society,  in  Philadelphia,  and  who,  in  his  day,  was  the  fore¬ 
most  exponent  of  the  German  school  of  geology  in  this  country, 
prepared' a  general  geological  map  of  Eastern  United  States,  the 
formations  afterwards  called  the  Paleozoics  were  represented  as 
reaching  only  to  the  Mississippi  River.  Before  these  terranes 
could  be  actually  traced  beyond,  the  determination  of  fossils  from 
the  Iowa  side  by  Thomas  Nuttall  forever  barred  the  further 
spread  of  Werner’s  conceptions  to  trans-Mississippi  territory. 
With  these  newest  and  most  modern  principles  a  then  unborn 
state,  Iowa,  was  started  upon  her  geological  career. 

When  Nuttall  made  his  western  tour,  in  1809,  and  garnered 
plentifully  from  the  blufifs  of  the  Mississippi  River,  fossils  which 
he  mainly  identified  with  those  figured  and  described  in  Martin’s 
Petrifacta  Derbiensia,  he  also  unwittingly  led  astray  for  many 
years  afterwards  all  of  his  successors  in  the  field.  A  quarter  of 
a  century  elapsed  before  it  was  fully  realized  that  the  Carbonic 
section  of  the  Mississippi  Valley  did  not  embrace  the  entire  Pale¬ 
ozoic  succession,  as  not  a  few  workers  in  the  region  believed.  The 
delimitation  of  the  English  Carbonic  succession  in  America  was  a 
long  and  tedious  process  and  encountered  many  difficulties. 

Nuttall’s  extensive  travels  were  undertaken  chiefly  in  the  in¬ 
terests  of  his  monumental  works  on  North  American  plants  and 
his  valuable  contributions  to  American  ornithology.  On  his  first 
long  trip,  after  first  traversing  the  southern  shore  of  Lake  Erie, 
and  coasting  by  canoe  Lakes  Huron  and  Michigan,  he  entered 
Green  Bay,  and,  following  that  famous  old,  all-water  route  to  the 
West,  which  the  Indians  from  time  immemorial  had  used,  ascend¬ 
ed  Fox  River  to  the  short  portage  to  the  Wisconsin  River,  down 
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which  latter  stream  he  floated  to  its  mouth,  near  Prairie  du  Chien ; 
thence  down  the  Mississippi  River  to  St.  Louis.  Subsequent  jour¬ 
neys  took  him  far  up  the  Missouri  and  Arkansas  Rivers. 

Nuttalhs  fundamental  observations  in  geology  were  the  recog¬ 
nition  for  the  first  time  in  America  of  our  great  Carbonic  System 
of  rocks  which  include  our  immense  coal  reserves,  and  the  discov¬ 
ery  on  the  western  continent  of  a  second  great  rock  sequence  which 
we  now  call  the  Cretacic  System. 

In  the  determinations  of  the  presence  of  Carbonic  rocks  for  the 
first  time  in  North  America  Nuttall’s  explanations  refer  mainly 
to  the  geological  characteristics  as  they  appear  along  the  Missis¬ 
sippi  River.  He  rather  naively  remarks  that  he  is  “Fully  satis¬ 
fied  that  almost  every  fossil  shell  figured  and  described  in  the 
Petrifacta  Derhiensia  of  Martin  was  to  be  found  throughout  the 
great  calcareous  platform  of  Secondary  [Paleozoic]  rocks  exposed 
in  the  eastern  part  of  the  Mississippi  Valley.”  Thus  by  means 
of  the  organic  remains  alone  he  parallels  these  Mississippian  Lime¬ 
stones  with  the  Mountain  Limestones  in  the  Pennine  Range  of 
the  north  of  England  to  which  a  number  of  years  later  Conybeare 
gave  the  title  of  Carboniferous  —  a  name  by  which  we  now  know 
them  the  world  over. 

On  his  Mississippi  venture,  besides  garnering  great  quantities 
of  new  and  interesting  plants  and  taking  voluminous  notes  on  the 
birds,  this  intrepid  naturalist  made  extensive  collections  of  the 
fossils  which  he  found  abundantly  scattered  through  the  limestone 
rocks,  which  in  high  cliflFs  bordered  both  sides  of  the  great  stream. 
At  this  late  day  one  can  hardly  appreciate  the  scantiness  of  the 
knowledge  existing  concerning  the  geological  column  a  hundred 
years  ago. 

When  Nuttall  arrived  upon  the  scene  lowa-land  was  indeed  a 
veritable  terra  incognita.  No  scientist  had  before  him  laid  eyes 
upon  the  field.  Along  the  Mississippi  River,  as  we  now  know, 
he  collected  fossils  from  rocks  which  were  mainly,  if  not  entirely. 
Early  Carbonic  in  age.  So  his  identification  of  forms  was,  with 
a  few  possible  exceptions,  doubtless  correct.  In  this  connection 
it  must  be  remembered  that  at  that  time  and  for  many  long  years 
afterwards  the  inferior  rocks  of  not  only  this  country  but  through¬ 
out  Europe  were  entirely  undififerentiated.  The  great  successions 
of  older  stratified  formations  which  were  subsequently  sticces- 
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sively  separated  from  one  another  were  yet  jumbled  together  un¬ 
der  the  title  of  the  Transition  Group.  It  was  not  until  a  full  gen¬ 
eration  later  that  out  of  them,  in  Britain,  Murchison,  Sedgwick, 
and  Lonsdale  resolved  the  Silurian,  Cambrian  and  Devonian  sys¬ 
tems,  titles  which  hold  to  our  day. 

The  analogy  established  by  Nuttall  between  the  general  Carbonic 
section  of  lowa-land  and  of  the  Upper  Mississippi  Valley  and 
that  of  the  north  of  England  was  one  of  far-reaching  consequences. 
Its  great  significance  was  clearly  pointed  out  by  Owen  a  score  of 
years  later.  Its  historic  value  grew  with  the  advancing  years.  It 
was  one  of  the  important  geological  discoveries  in  America. 

Not  only  were  the  Carbonic  rocks  recognized  for  the  first  time 
in  the  Western  Hemisphere  in  Iowa,  but  the  great  Cretacic  section 
of  chalks  and  clays  was  also.  Full  credit  for  this  other  shrewd 
guess  in  world- wide  correlation  was  ascribable  to  Nuttall.  On  a 
second  journey  over  western  waters,  in  1810,  he  ascended  the 
Missouri  River  to  the  Mandan  Villages,  near  the  Big  Bend,  where 
Bismarck,  North  Dakota,  now  stands.  This  voyage  was  made  in 
company  with  John  Bradbury,  a  Scotch  naturalist,  who  after¬ 
wards  for  many  years  resided  in  St.  Louis.  Special  note  was 
made  of  the  Omaha  Indian  settlements  situated  below  the  mouth 
of  the  Big  Sioux  River. 

A  short  distance  upstream  from  the  Omaha  tepees  Nuttall  ex¬ 
amined  some  strata  exposed  in  the  bluffs  which  by  means  of  the 
fossils  partly,  and  partly  of  the  lithologic  resemblances,  he  was 
inclined  to  refer  to  the  Chalk  Division  of  the  Floetzgebirge,  or 
Secondary  rocks,  of  northern  France  and  southern  England.  So 
completely  dumfounded  was  this  observing  naturalist  at  finding 
real  chalk  so  far  from  home  that  he  hardly  believed  his  own 
senses;  and  he  entered  into  prolix  argument  in  support  of  his 
determinations,  yet  remained  somewhat  skeptical  to  the  last  as  to 
the  correctness  of  his  conclusions. 

This  was  the  earliest  definite  recognition  of  the  formations  of  the 
Cretacic  age  in  America.  It  preceded  by  a  decade  and  a  half  the 
separation  by  John  Finch,  of  the  newer  Secondary  rocks  from  the 
Tertiary  section  in  the  Atlantic  sea-board  states,  and  also  Lardner 
Vanuxem’s  and  Samuel  Morton’s  references  of  the  same  deposits 
to  the  Cretaceous  age.  Thus,  also,  was  another  great  succession 
of  one  of  our  main  geologic  periods  discovered  in  a  then  remote 
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part  of  our  continent  years  before  it  was  recognized  in  the  East. 

At  the  mouth  of  the  Big  Sioux  River,  Nuttall  fell  in  with  an 
old  trapper  who  described  to  him  the  great  falls  which  blocked 
canoe  navigation  at  a  distance  of  100  miles  up  that  stream ;  and 
who  also  told  him  of  the  famous  Indian  pipestone  ledges  beyond. 

So  conspicuously  botanical  in  character  were  Nuttall’s  services 
to  science  that  one  but  wonders  under  what  especial  circumstances 
he  could  have  obtained  his  keen  insight  into  matters  geological. 
Elias  Durand  said  of  him,  soon  after  his  demise,  that  “No  other 
explorer  of  the  botany  of  North  America  had  personally  made 
more  discoveries;  no  writer  on  American  plants,  except  perhaps 
Asa  Gray,  had  described  more  new  genera  and  species.”  Lists 
of  his  published  memoirs  and  papers  quite  generally  omitted  all 
reference  to  his  recorded  geological  observations,  probably  be¬ 
cause  of  the  fact  that  their  importance  could  hardly  be  appre¬ 
ciated  by  writers  in  other  fields  of  science.  In  the  present  con¬ 
nection  our  main  interest  focuses  upon  the  transplaning  so  early 
to  the  interior  of  the  American  continent  of  William  Smith’s  novel 
ideas  concerning  the  use  of  fossils  for  establishing  geological 
chronology.  Brief  reference  to  some  of  the  early  events  in 
Nuttall’s  life  seems  to  offer  clue. 

Born  in  Yorkshire,  England,  in  the  Mountain  Limestone  belt, 
and  near  the  scene  of  Martin’s  famous  labors  on  the  fossils  of 
Derbyshire,  young  Nuttall  is  early  apprenticed  to  the  printers’ 
trade  and  after  a  few  years  removes  to  London.  There  he  fol¬ 
lows  his  trade,  until,  at  the  age  of  22,  he  sets  out  for  America,  in 
1808.  He  appears  to  have  been  a  journeyman  of  the  Benjamin 
Franklin  order,  since  while  engaged  at  his  trade  he  becomes  pro¬ 
ficient  in  a  knowledge  of  the  sciences,  Greek  and  Latin,  and  kin¬ 
dred  subjects.  During  the  period  of  six  or  seven  years  that  he 
was  in  London  he  makes  the  acquaintance  of  a  number  of  scien¬ 
tific  men.  It  is  probable  that  at  this  time  he  acquired  some  famil¬ 
iarity  with  Smith’s  important  discoveries  which  were  then  attract¬ 
ing  wide  attention  from  English  scientists.  It  is  also  quite  possi¬ 
ble  that  Nuttall  gained  much  of  his  scientific  information  through 
setting  up  the  types  for  those  very  memoirs  which  have  since  be¬ 
come  geologic  classics.  Not  unlikely  he  even  met  Smith,  since 
the  latter  is  known  to  have  been  often  in  London  at  that  time, 
and  to  have  taken  up  his  permanent  residence  there  several  years 
before  the  printer-naturalist  left  his  native  land. 
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At  any  rate,  Nuttall  is  in  America  scarcely  a  year  before  he  is 
putting  his  geological  knowledge  to  test.  His  familiarity  with 
Martin’s  Petrifacta  Derbiensia  and  Smith’s  principles,  clearly  in¬ 
dicates  that  he  must  have  acquired  his  information  at  least  several 
years  previously.  Then,  too,  his  intimate  acquaintance  with  that 
famous  pioneer  geologist,  William  McClure,  for  twenty  years 
president  of  the  American  Philosophical  Society  at  that  period, 
should  not  escape  notice.  Two  other  memoirs,  besides  the  one  on 
the  Mississippi  Valley,  partly  geological  but  chiefly  mineralogical 
in  character,  on  the  rocks  and  minerals  of  Hoboken  and  Sparta, 
New  Jersey,  and  the  many  keen  observations  on  the  rocks  re¬ 
corded  in  his  journal  of  a  pedestrian  trip  from  Philadelphia  to 
Pittsburgh,  amply  attest  his  unusual  intimacy  with  matters  geologi¬ 
cal. 

Notwithstanding  the  fact  that  the  brief  memoir  which  Thomas 
Nuttall  published  on  lowa-land  and  the  contiguous  regions  at  the 
beginning  of  the  last  century  is  the  only  one  which  he  seems  ever 
to  have  printed  upon  strictly  geological  subjects,  so  important  are 
the  facts  and  principles  set  forth  for  the  first  time  in  this  country 
in  this  simple,  single,  short  contribution  to  the  literature  of  Amer¬ 
ican  terranal  correlation  that  it  places  its  author  in  the  front 
rank  of  pioneer  geologists,  not  only  of  Iowa,  but  of  our  Western 
Hemisphere.  Although  one  of  the  foremost  botanists  of  his  day, 
and  an  ornithologist  of  world-wide  reputation,  his  great  service 
in  pointing  out  first  by  method  and  by  means  the  fundamental  con¬ 
cepts  of  modern  historical  geology  in  America  should  not  be 
forgotten. 

The  important  part  which  an  utter  wilderness  in  the  very  heart 
of  a  dark  continent  chances  to  play  in  the  founding  of  one  of  the 
great  modern  sciences  is  worthy  of  especial  record.  In  the  his¬ 
tory  of  that  science  as  developed  in  the  New  World  the  circum¬ 
stances  surrounding  the  earliest  discoveries  deserve  connected  reit¬ 
eration  in  a  chapter  all  their  own.  They  influence  the  whole 
course  of  later  geological  discovery.  They  seem  destined  yet  to 
establish  the  standard  schematic  succession  for  the  entire  Amer¬ 
ican  continent. 

For  several  reasons,  therefore,  this  pioneer  scientific  work  is  of 
exceptional  historic  interest.  It  is  the  first  time  that  modern 
geological  principles  were  successfully  applied  in  this  country.  It 
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is,  up  to  that  date,  the  boldest  stroke  at  universal  correlation  of 
geological  formations  ever  attempted  by  earth-students.  It  is 
the  first  definite  recognition  of  the  two  greatest  geological  ter- 
ranes  found  on  our  continent.  It  is  the  first  chronologic  compari¬ 
son  of  American  Carbonic  rocks  with  those  of  the  typical  locali¬ 
ties  of  the  Old  World.  It  furnishes  the  clue  to  all  subsequent  in¬ 
vestigations  of  the  mid-continental  region.  It  initiates  a  host  of 
perplexing  problems  many  of  which  are  still  unsolved.  Where 
else  in  all  the  world  have  not  the  echoes  of  century-long  contro¬ 
versy  long  since  died  away? 

The  first  geological  map  of  the  United  States  was  published  in 
1809.  On  it  William  McClure  represents  the  great  band  of 
“alluvial  deposits”  in  the  Mississippi  Valley  as  only  reaching  to  the 
mouth  of  the  Des  Moines  River.  In  a  subsequent  edition  of  this 
map,  issued  eight  years  later,  the  great  tract  of  Secondary  (Pale¬ 
ozoic)  rocks  touches  trans-Mississippian  domain.  The  corrections 
of  the  second  edition  of  the  map  and  the  accompanying  explana¬ 
tions,  at  least  insofar  as  the  extreme  western  parts  are  concerned, 
were  doubtless  due  largely  to  the  information  imparted  by  travelers 
in  the  West  at  that  time.  It  was  the  irony  of  Fate  that  McClure’s 
work,  representing  the  very  last  of  the  old  regime,  should  be  cov¬ 
ered  so  closely  by  that  of  his  colleague’s  setting  forth  the  first  of 
the  new. 
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ENVIRONMENTAL  INTERPRETATION  OF  FOSSIL 

PLANTS 

By  Prof.  Edward  W.  Brrry 
Johns  Hopkins  University 

In  its  earliest  developments  the  study  of  fossil  plants  consid¬ 
ered  them  purely  as  “fossils,”  to  be  described  and  figured  as  dif¬ 
ferent  types  of  Dendrolithes,  Antholithes  or  Carpolithes.  It  was 
Adolph  Brongniart  who,  like  Zittel  on  the  paleozoological  side  of 
paleontology,  especially  emphasized  the  fact  that  fossil  plants 
were  first  of  all  organisms,  had  place  in  the  natural  system,  were 
products  of  evolution,  and  were  not  mere  medals  of  creation. 

Although  the  early  workers,  from  the  time  of  Scheuchzer  on¬ 
ward,  were  ever  ready  to  enlarge  on  the  environments  of  the 
various  fossil  floras  and  their  bearing  on  cosmogony,  their  treat¬ 
ment  of  these  questions  may  be  regarded  as,  speculative  rather 
than  scientific,  and  it  may  truthfully  be  said  that  all  such  writings 
even  down  to  the  year  1900,  are,  for  the  most  part,  entirely 
unreliable. 

In  the  interpretation  of  environments  the  evidence  of  fossil 
plants  may  be  considered  under  two,  more  or  less  interrelated 
heads,  namely,  that  depending  on  the  botanical  character  of  the 
fossils,  or  the  kinds  of  plants  and  that  based  on  the  condition  of 
their  preservation.  The  latter  criteria  embrace  not  only  the  re¬ 
sults  of  the  selective  action  of  maceration  and  decay  as  shown 
by  the  kinds  and  nature  of  the  plants  escaping  destruction,  but 
also  take  into  consideration  the  degree  to  which  the  material  is 
broken,  or  incrusted,  or  reduced  to  undeterminable  carbonaceous 
refuse  (hdcksel). 

Among  the  lower  plants,  marine  or  fresh-water  algae,  which 
might  be  expected  to  furnish  conclusive  evidence  of  the  marine 
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or  fresh-water  origin  of  the  containing  sediments,  are,  exclusive 
of  calcareous  forms,  so  rare  or  so  poorly  preserved,  or  so  poorly 
understood,  as  to  be  practically  valueless.  The  calcareous  forms, 
such  as  the  oogonia  or  other  traces  of  fresh-water  forms,  or  the 
lithothamnias  and  coralline  algae  of  marine  waters  are  better 
understood  and  furnish  more  definite  objects  for  study,  but  when 
present  in  a  formation  furnish  needless  corroborative  evidence  of 
the  origin  of  the  containing  sediments,  since  the  associated  animal 
organisms  usually  offer  conclusive  evidence  as  to  the  nature  of 
the  deposit.  Coralline  algae  and  their  allies  are,  like  bryozoa  and 
corals,  indicative  of  clear  water  and  the  absence  of  any  consid¬ 
erable  amount  of  turbidity,  which  means  generally,  slight  or  slow 
run-off  from  the  land,  and  the  absence  of  salt-carrying  rivers 
debouching  in  the  basins  of  sedimentation.  Slow  run-off  from  a 
land  of  mature  topographic  form  is  not  to  be  distinguished  from 
slight  run-off  due  to  actual  deficiency  in  rainfall,  therefore  noth¬ 
ing  can  be  said  as  to  actual  precipitation  in  this  connection. 

Bacterial  action,  such  as  the  influence  and  effects  of  nitrifying, 
denitrifying,  iron  or  sulphur  bacteria,  will  not  be  discussed,  since 
it  constitutes  a  separate  field,  which  at  the  present  time,  belongs 
more  properly  to  sedimentology  rather  than  to  paleontology.  Nor 
will  more  than  incidental  reference  be  made  here  to  the  lower 
orders  of  plants,  the  present  note  being  consequently  restricted 
for  the  most  part,  to  the  more  common  and  better  understood 
vascular  plants,  the  vast  majority  of  which  are  terrestrial  in  their 
habitats. 

In  considering  the  latter  it  may  be  noted  that  the  interpretation 
of  fossil  plants  in  terms  of  their  environment  becomes  indefinite 
or  definite  according  as  one  is  dealing  with  the  more  ancient  types, 
for  example  those  of  Devonic  times  which  botanically  have  no 
closely  related  existing  forms;  or  with  fossil  plants,  like  those  of 
the  Tertiaries  whose  near  of  kin  are  still  living.  Hence  it  is 
possible  to  use  the  prevailingly  angiospermous  floras  of  the  Ceno- 
zoic  Period  with  much  greater  precision  than  can  be  obtained  with 
Paleozoic  or  Mesozoic  floras. 

With  respect  to  fossil  flowering  plants,  genera  which  still  exist 
in  great  specific  variety  tend  to  occupy  a  variety  of  habitats  and 
live  under  varying  conditions  of  rainfall  and  temperature,  and  are 
hence  inconclusive  in  attempts  at  the  precise  evaluation  of  the 
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meaning  of  their  fossil  representatives.  Such  a  genus  is  Ficus; 
and  many  others  might  be  mentioned.  Fossil  representatives  of 
such  genera  may  have  some  value  when  they  are  associated  with 
other  types  whose  evidence  is  consistent.  Some  botanists  are  ac¬ 
customed  to  ridicule  the  possibility  of  identifying  plants  from 
their  foliar  remains,  and  a  favorite  method  of  their  criticism  is 
to  point  out  the  similarity  in  appearance  of  unrelated  forms.  A 
good  illustration  of  this  point  of  view  is  given  by  Seward  in  vol¬ 
ume  one  of  his  text  on  Fossil  Plants  where  he  figures  specimens 
of  the  genera  Restio,  Equisetum,  Casuarina,  Ephedra  and  Poly¬ 
gonum,  and  he  might  have  added  several  others,  the  implication 
being  that  the  paleobotanist  is  likely  to  have  to  distinguish  between 
these.  A  cardinal  principle  in  the  identification  of  leaves  is  that 
the  fossils  will  occur  in  a  normal  ecological  grouping.  Kaulfus- 
sia  leaves  will  never  be  associated  with  those  of  horse  chestnuts 
(^sculus),  humid  tropical  types  will  never  be  associated  with 
arid  or  cold  temperate  types,  nor  will  present  day  Australian 
types  be  in  association  with  north  temperate,  or  African  types  be 
mixed  with  Alaskan  types.  Coastal  types  will  not  normally  be 
mixed  with  montane  types,  if  the  physical  conditions  bring  about 
such  an  admixture,  the  incompleteness  of  the  latter  element  or  the 
genera  represented  will  give  a  clue  to  the  fact  of  mixing. 

Except  in  Pleistocene  floras  herbaceous  plants  are  of  less  signi¬ 
ficance  than  arborescent.  Aquatic  forms,  although  clearly  indi¬ 
cative  of  habitat  are  of  less  importance  than  terrestrial  forms  in 
all  questions  of  climate,  since  they  are  generally  much  more  widely 
distributed,  and  less  responsive  to  environmental  changes. 

Land-derived  vegetable  material  may  drift  long  distances  sea¬ 
ward  from  the  mouths  of  great  rivers  like  the  Amazon,  or  the 
Orinoco,  and  many  instances  of  this  sort  may  be  found  in  the 
Challenger  and  other  oceanographic  reports:  or  buoyant  fruits, 
specialized  for  distribution  by  ocean  currents,  may  frequently 
cross  the  ocean  basins.  Specific  examples,  such  as  Nipa  palms, 
sea-beans,  and  Saccoglottis,  may  be  cited.  Such  fruits  will  be 
post-Mesozoic  in  age,  or  at  least  will  not  be  present  in  beds  older 
than  Late  Cretacic  time.  Those  mentioned,  and  in  fact  the  ma¬ 
jority  of  drift  fruits  of  any  size  originate  exclusively  in  tropical 
and  sub-tropical  environments  at  the  present  time.  If  such  occur 
as  fossils  in  high  latitudes,  as  in  the  Pleistocene  of  Norway,  or  in 
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otherwise  temperate  assemblages  anywhere,  they  indicate  contri¬ 
butions  by  the  sea-drift,  and  if  observations  can  be  accumulated 
in  sufficient  numbers,  they  will  prove  exceedingly  useful  in  the 
reconstruction  of  Cenozoic  seaways  and  the  paths  of  Cenozoic 
ocean  currents. 

Land-derived  vegetable  material  is  also  frequently  found  by 
oceanographers  in  deep  waters,  that  is  from  1000  to  over  2000 
fathoms  in  depth,  as  for  example  in  the  East  Indies,^  as  reported 
by  Murray  and  Reynard,  the  Antilles  as  noted  by  A.  Agassiz,^  or 
off  the  west  coast  of  Central  America  as  described  by  the  same  au¬ 
thor.^  Such  occurrences  are  always  in  muds  and  consist  of  macer¬ 
ated  vegetable  refuse  associated  with  such  resistant  plant  remains 
as  stems,  palm  leaves,  ligneous  fruits,  or  coriaceous  leaves.  If  the 
latter  are  resistant  enough  to  resist  breaking  and  disintegration 
more  or  less  successfully,  they  will  still  show  the  effects  of  micro- 
mial  action  and  incrustation,  which  proceed  more  rapidly  in  marine 
than  in  fresh  waters.  Hence  the  picture  of  possible  confusion  that 
such  occurrences  will  present  to  the  paleontologists  of  a  future  era 
are  very  much  exaggerated,  and  similarly  if  such  have  occurred  in 
the  past  their  decipherment  is  now  perfectly  possible. 

Land  plants  sufficiently  well  preserved  for  botanical  determin¬ 
ation  are  frequently  found  in  shallow-water,  marine  sediments. 
These  will  rarely  be  found  in  limestones,  although  a  considerable 
number  of  such  instances  have  been  recorded.  They  will  com¬ 
monly  be  found  in  the  clays  of  coastal  lagoons  or  estuaries.  In 
such  situations  the  condition  of  preservation  and  the  botanical 
representation  will  tell  the  story.  No  general  rules  can  be  form¬ 
ulated  but  each  special  case  becomes  a  matter  of  inductive  rea¬ 
soning  from  a  sufficient  knowledge  of  present  and  past  ecological 
groupings  and  environments.  For  example  leaves  of  large  size, 
or  those  with  acuminate  tips,  or  long  petioles,  will  usually  be 
broken,  and  compound  leaves  will  lose  more  or  less  of  their  leaflets 
or  lobes  if  there  has  been  any  trituration  by  waves.  Where  the 
plant  containing  clay  lenses  are  of  small  extent  in  a  prevailingly 
sandy  formation  as  in  the  Eutaw  formation  (Late  Cretacic)  of 
Georgia  ^  the  recognizable  plant  species  will  be  few  in  number 
and  will  represent  only  coriaceous,  decay-resisting  forms. 

1  Deep  Sea  Deposits,  pp.  9S-1(>1,  Challenger  Rept. 

2  Mus.  Comp.  Zool.  Bull.,  Vol.  XIV,  p.  391,  1884. 

zidetn.,  Vol.  XXI,  pp.  187-197,  1891;  Vol.  XXIII,  p.  12,  1893. 

4  U.  S.  Geol.  Surv.,  Prof.  Paper  84,  p.  121,  1914. 
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Where  muds  accumulate  in  lagoons  cut  off  from  direct  wave- 
action,  and  the  vegetation  which  contributed  its  debris  to  the 
deposit  grew  in  the  immediate  vicinity,  as  was  the  case  with  so 
many  of  the  lagoons  that  lined  the  shores  of  the  lower  Eocene 
(Wilcox  beds)  Mississippi  embayment,  a  great  variety  of  nearly 
perfectly  preserved  fossils  will  result.  Leaves  that  have  accumu¬ 
lated  in  the  back  waters  of  bayous  may  decay  very  slowly  because 
of  the  antiseptic  qualities  of  the  water.  They  will  tend  to  ac¬ 
cumulate  in  matted  layers,  and  very  frequently  will  show  traces 
of  the  galleries  of  Tinead  and  other  insect  larvae.  In  each  sepa¬ 
rate  case  it  becomes  a  question  of  the  interpretation  of  various 
lines  of  evidence,  and  no  general  empirical  rules  can  be  formu¬ 
lated.  For  example,  the  plants  found  in  the  Miocene  diatomace- 
ous  deposits  of  Virginia  are  associated  with  a  shallow-water 
marine  fauna.  From  the  presence  of  the  diatomaceous  beds  it 
is  inferred  that  the  land  was  low  and  the  run-off  was  slow,  bring¬ 
ing  little  beside  silt  to  the  basin  of  sedimentation.  The  presence 
in  these  deposits  of  quantities  of  the  deciduous  twigs  of  the 
cypress  (Taxodium),  as  well  as  its  seeds,  corroborates  the  in¬ 
ferred  mature  drainage  conditions,  with  the  presence  of  coastal 
bayous  and  palustrine  river-bottoms,  and  the  presence  of  the 
normal  members  of  such  a  plant  assemblage,  some  of  the  leaves 
of  which  are  incrusted  with  Membranipora,  completes  the  pic¬ 
ture.® 

It  is  not  always  possible  to  distinguish  lagoonal  from  estuarine, 
or  delta,  deposits  by  means  of  the  fossil  plants.  In  general  the 
last  two  are  more  likely  to  contain  species  of  riverside,  or  per¬ 
haps  upland  plants,  that  have  been  carried  some  distances.  Per¬ 
haps  fruits  gathered  by  a  river  system  will  represent  species 
whose  leaves  could  not  withstand  such  a  journey.  This  is  notably 
the  case  with  the  Eocene  flora  of  Sheppey,  in  the  Thames  basin, 
whose  flora  of  fruits  furnishes  a  striking  contrast  to  the  synchron¬ 
ous  flora  of  leaves  of  autochthonous  species  preserved  in  the  pipe 
clays  of  Alum  Bay.  Delta  deposits  in  particular,  unless  they  con¬ 
tain  permanent  bodies  of  still  water,  generally  lack  well  pre¬ 
served  leaves,  but  they  usually  show  much  carbonaceous  accumu¬ 
lations  and  prostrate  logs  left  in  layers  by  flood-waters,  as  in  the 
Late  Cretacic  Tuscaloosa  formation  of  Alabama.  Palustrine 

5  U.  S.  Geol.  Surv.,  Prof.  Paper  98,  61-73,  1916. 
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deposits  usually  present  obvious  characters,  both  physical  and 
botanical.  Generally  roots  are  present  in  the  underclays  beneath 
coal  or  lignite  beds,  so-called  mother  of  coal  is  present  in  the 
lignites,  and  the  botanical  facies  of  the  preserved  species  is  char¬ 
acteristic. 

Epirotic,  or  continental,  deposits,  especially  those  of  eolian 
origin,  usually  contain  few  recognizable  plant  fossils,  since  wind- 
action  is  usually  at  its  maximum  efficiency  in  arid  regions  with  a 
seasonal  or  scant  rainfall.  A  partial  exception  is  afforded  by 
the  transport  of  volcanic  ashes  in  quantity  which  may  settle  in  any 
environment,  as  for  example  in  the  humid,  subtropical  forests  of 
Pliocene  age,  in  Bolivia.  Plants  of  arid  regions  will  be  largely 
of  a  type  denominated  xerophytic  by  ecologists.  Evaporation  is 
checked  by  reducing  the  size  of  leaves,  by  curling  their  margins,  by 
tomentose,  or  waxy,  surfaces,  by  thick  palisade  tissue  and  re¬ 
duced  stomata.  Branches  may  be  reduced  to  thorns  and  leaves 
to  phyllodes  or  phylloclads.  For  the  detailed  physiological  re¬ 
sponse  of  plants  to  mesophytic,  halophytic  or  xerophytic  envi¬ 
ronments  the  reader  is  referred  to  the  various  texts  on  ecology  and 
plant  geography. 

It  will  be  sufficient  to  mention  here  some  of  the  features  shown 
by  the  condition  of  preservation  of  plant  remains  in  continental 
sediments.  Of  the  various  types  of  sediments,  such  as  lacustrine, 
flood-plain,  fluviatile  and  eolian  that  go  to  make  up  continental 
deposits,  the  condition  of  preservation  of  the  contained  plants 
furnishes  absolute  criteria  for  differentiating  between  wind-  and 
water-laid  material.  In  eolian  deposits  leaves  will  be  covered  in 
a  rolled  and  crumbled  or  curved  condition  as  they  dried.  They 
will  scarcely  ever  conform  to  the  bedding  of  the  material  and  may 
be  at  right  angles  to  it.  Fruits  will  have  lost  their  outer  coats  or 
arils,  and  will  be  jumbled  together  at  all  angles.  Cones  will  have 
their  scales  separated  and  distended  as  in  the  familiar  dried  cones 
of  our  modern  conifers.  If  the  deposits  be  water-laid  leaves  will 
conform  to  the  bedding  because  of  their  water-soaked  and  limp 
condition,  and  this  limpness  may  result  in  minor  irregularities  of 
surface,  but  nothing  corresponding  to  that  which  obtains  under 
eolian  conditions.  Fruits  will  also  conform  to  the  bedding,  and 
cones  will  not  be  shrivelled  with  their  scales  distended.  A  striking 
instance  of  position  is  furnished  by  the  large  stones  of  a  species 
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of  Nyssa  common  in  the  Eocene  deposits  of  Texas,  which,  in 
nearby  localities,  all  lie  flat  in  water-laid  mud  (clay  lenses),  or 
are  jumbled  on  end  and  at  every  other  angle  in  wind-blown  sand.® 

A  second  illustration  may  be  taken  from  the  Late  Cretacic 
Cheyenne  standstone  of  southern  Kansas.’’’  Here  in  a  limited  area 
the  sands  contain  curled-up,  coriaceous  leaves  and  fully  dried 
Sequoia  cones  with  distended  scales;  whereas  in  small  clay  lenses 
the  leaves  are  flat  and  the  remains  of  more  delicate  plants,  such  as 
ferns,  are  present  in  a  recognizable  state. 

Aside  from  their  botanical  facies,  which  is  obvious,  wet,  low¬ 
land  tropical  climates  will  be  characterized  by  small,  entire,  cor¬ 
iaceous  leaves,  or  by  compound  leaves,  with  small,  entire,  coria¬ 
ceous  leaflets.  A  combination  of  humidity  and  shade  in  general 
results  in  large  and  membraneous  leaves.  Insolation,  either  of 
strand,  dunes  or  uplands,  tends  to  develop  the  usual  evaporation 
limiting  devices  for  water  conservation;  and  undue  amounts  of 
salts  in  the  substratum,  even  in  abundant  water,  results  in  phy¬ 
siological  dryness,  difficult  to  distinguish  from  true  xerophytism. 

Seasonal  changes,  either  of  temperature  or  moisture,  wdll  be  re¬ 
flected  not  only  by  the  so-called  rings  of  exogenous  woods,  but 
also  be  inferred  by  the  vertical  distribution  of  leaves  where  sedi¬ 
mentation  is  continuous,  truly  deciduous  forms  being  confined  to 
the  temperate  zones.  Referring  to  the  processes  of  fossilization, 
woods  are  commonly  lignified  (carbonized)  in  clays  or  swamp 
deposits.  Silicifi'cation  is  usually  a  concomitant  of  sandy  deposits, 
and  calcification  takes  place  in  the  presence  of  appropriate  salts 
of  lime  in  solution.  Both  silicification  and  calcification  are  fre¬ 
quently  secondary,  how'ever,  and  due  to  the  circulation  of  appro¬ 
priately  charged  groundwaters.  It  is  not  uncommon  to  find  pros¬ 
trate  logs  with  one  end  silicified  in  sand  and  the  other  end  lignified 
in  clay,  or  to  find  lignified  logs  with  the  heart-wood  silicified  and 
the  sap-wood  lignified.  Ferruginization  of  wood  may  be  accom¬ 
plished  by  changes  to  limonite,  or  other  iron  salts,  but  is  usually 
produced  by  the  formation  of  the  carbonate  under  swamp  condi¬ 
tions.  Replacement  by  the  salts  of  the  other  metals  are  rare  and 
take  place  only  under  special  conditions. 

Plant  material  showing  structural  details,  aside  from  petrified 
woods,  are  found  at  relatively  few  geological  horizons.  When 

6  U.  S.  Geol.  Surv.,  Prof.  Paper  92  (in  press). 

7  Idem.,  Prof.  Paper  129,  pp.  199-225,  1922. 
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such  is  preserved  in  fossil  resins,  or  as  carbonized,  silicified  or 
calcified  fragments,  much  can  be  learned  of  the  physical  condi¬ 
tions  under  which  they  lived.  Something  may  also  be  learned 
from  the  arrangement  of  the  stomata,  their  position,  and  the  out¬ 
lines  of  the  epidermal  cells  shown  in  cuticles  of  leaves  preserved 
as  impressions,  which  can  frequently  be  recovered  by  appropriate 
methods.  If  the  stomata  are  abundant  and  delicate,  not  sunken 
beneath  the  surface  or  with  the  elaboration  of  accessory  cells  they 
indicate  abundant  humidity  and  a  plentiful  water  supply,  with 
shade  or  not  excessive  insolation.  If  they  are  restricted  to  special 
regions  of  the  leaf,  or  are  sunken  in  grooves,  as  in  Torreya,  Pseu- 
docycas,  or  Lepidodendron,  they  indicate  actual  or  physiological 
shortage  of  water,  as  does  also  the  development  of  waxy  or  to- 
mentose  surfaces,  or  thick  palisade  tissue.  Lacunate  roots,  as  in 
the  Paleozoic  Calamites;  the  formation  of  pneumatophores  as  in 
Rhizophora  and  Taxodium,  or  the  development  of  a  horizontal 
root-system,  as  in  Taxodium  and  Stigmaria,  indicate  a  marshy  or 
swampy  substratum,  and  growth  where  the  ground  water-table  is 
at  or  above  the  surface  of  the  ground.  Enlargement  of  the  base 
of  the  bole  as  in  Nyssa  and  Taxodium,  also  is  indicative  of  poor 
aeration  and  a  wet  substratum.  In  tropical  angiosperms  resins 
or  gums  are  also  frequently  developed  and  aid  in  retarding  evap¬ 
oration. 

Abundant  coniferous  remains  of  modern  types  indicate  unfavor¬ 
able  edaphic  conditions.  Abundant  ferns  indicate  great  humidity, 
as  in  the  flora  of  the  Kootenai  formation  (Early  Cretacic)  or  that 
of  the  Late  Cretacic  Atane  beds  of  western  Greenland.  Well 
distributed  and  heavy  rains  with  high  humidity  and  consequent 
cloudiness  result  in  equable  climates  even  in  high  latitudes,  and 
bring  into  existence  a  type  of  vegetation  like  that  of  existing  tem¬ 
perate  rain  forests  (New  Zealand,  southern  Chile)  where  the 
vegetation  shows  a  mixing  of  botanical  types  and  simulates  that 
of  warmer  climates.  The  Late  Cretacic  floras  of  the  Atlantic 
Coastal  Plain  clearly  indicate  conditions  comparable  to  those  of 
modern  temperate  rain  forests. 

It  is  believed  that  in  the  past  such  oceanic  climates  resulted  in  a 
floral  facies  which  paleobotanists  have  been  inclined  to  interpret 
as  indicative  of  tropical  climatic  conditions.  One  caution  in  at¬ 
tempting  to  deduce  past  climatic  conditions  may  be  stated,  since 
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lack  of  its  observance  has  been  a  frequent  source  of  error  in  the 
past.  Reference  is  made  to  the  lack  of  precision  with  respect  to 
habitats  in  making  comparisons  with  the  existing  relatives  of  fos¬ 
sil  plants,  and  this  applies  particularly  to  the  existing  plants  of  the 
equatorial  zone.  There  are  many  types  common  in  fossil  floras, 
such  as  palms,  tree-ferns,  gleichenias  and  matonias,  which  are 
practically  confined  to  the  Equatorial  Zone  at  the  present  time  but 
which  are  not  tropical  in  the  sense  that  they  are  confined  to  the 
tropical  altitudinal  zone,  but  which  really  find  their  optimum  con¬ 
dition  for  existence  in  the  sub-tropical,  or  even  the  temperate, 
altitudinal  zone.  This  is  notably  true  of  tree-ferns,  and  of  many 
angiospermous  types  commonly  considered  as  indicating  tropical 
climates  in  the  past.  The  Aphlebiae  of  the  Paleozoic  coal  swamps 
are  not  at  all  indicative  of  heat,  but  of  humidity,  and  the  same  is 
true  of  the  development  of  the  so-called  dripping  points  of  dicotyle¬ 
donous  leaves.  The  cycadophytes  which  are  so  prominent  an 
element  in  the  flora  of  the  older  Mesozoic  strata  are  not  indicative 
of  either  moist  or  of  hot  climates,  if  conclusions  may  be  drawn 
from  the  existing  cyads,  but  show  rather  dry  climatic  conditions 
with  abundant  insolation.  These  conditions,  rather  than  low  tem¬ 
perature,  are  what  I  would  infer  from  the  excessive  development 
of  Ramentum  in  the  Early  Cretacic  Cycadellas. 

Since  the  days  of  Lyell  terrestrial  plants  have  been  regarded 
as  better  indices  of  past  climatic  conditions  than  any  other  class 
of  organisms.  That  they  do  not  always  merit  this  high  opinion 
is  not  because  this  conclusion  is  faulty,  but  because  they  are  so 
often  interpreted  in  a  faulty  manner.  Plant  fossils  have  this 
merit,  aside  from  any  question  of  botanical  identification,  and  this 
fact  is  usually  lost  sight  of  by  hostile  critics,  namely,  that  the  size 
and  form  of  leaves,  their  texture,  the  arrangement  and  character 
of  the  stomata  and  other  structures  afiford  criteria  that  are  quite 
as  valuable  climatically  even  though  the  species  or  genus  to  which 
they  belong  remains  unknown. 
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CARBON  BLACK  INDUSTRY  IN  KENTUCKY 
By  Dr.  Willard  Rouse  Jillson 
State  Geologist  of  Kentucky 

The  carbon  black  of  commerce  is  often  confused  with  the  better 
known  lamp  black.  The  two  products  are  entirely  different,  the 
first  mentioned  being  derived  from  natural  gas  and  the  second  be¬ 
ing  a  by-product  of  rock  oil.^ 

Until  the  recent  discovery  of  the  large  natural  gas  field  near 
Monroe  and  Shreveport,  in  Louisiana,  about  seventy-five  per  cent 
of  the  world’s  supply  of  carbon  black  was  produced  in  West 
Virginia,  which  had  been  producing  and  selling  natural  gas  for 
about  three  cents  and  four  cents  per  1,000  cubic  feet.  Recent 
advances  in  the  price  of  West  Virginia  natural  gas  to  seven  cents 
and  eight  cents  per  1,000  cubic  feet  forced  many  of  the  carbon 
black  manufacturers  of  that  State  to  move  to  other  sections  where 
gas  could  be  secured  at  a  lower  figure. 

Carbon  black  is  widely  used  in  the  industries.  It  enters  as  a 
necessary  constituent  into  the  manufacture  of  printing  inks,  auto¬ 
mobile  tires,  paints,  stove  and  shoe  polishes,  phonograph  records, 
black  leathers,  book-binders’  boards,  buttons,  typewriter  ribbons, 
carbon  papers,  celluloids,  electric  insulators,  carriage  cloths,  colors 
and  pigments,  drawing  and  marking  inks,  artificial  stones,  tar¬ 
paulins,  and  tiles.  About  thirty-five  per  cent  of  the  total  output 
of  carbon  black  is  used  in  the  printer’s  ink  industry;  and  forty 
per  cent  is  taken  by  the  rubber  tire  business. 

There  are  two  important  carbon  black  plants  at  present  operat¬ 
ing  in  Kentucky.  Both  are  in  Floyd  County,  situated  in  the  heart 
of  the  Beaver  Creek  gas  field.  The  manufacture  of  carbon  black 
in  the  Kentucky  Beaver  Creek  field,  based  on  the  normal  capacity 
of  the  plants  in  operation,  requires  approximately  1,250,000  thous¬ 
and  feet  of  gas  per  year.  This  amount  of  gas,  according  to  the 
methods  employed,  produces  about  2,500,000  pounds  of  carbon 
black,  which  at  eight  cents  a  pound  is  worth  about  $200,000.  This 
volume  of  gas  normally  suffices  to  supply  30,000  domestic  con¬ 
sumers  for  an  entire  year  in  a  city  four  times  the  size  of  Lexing¬ 
ton,  or  one  three-fourths  the  size  of  Louisville. 

1  In  “Conservation  of  Natural  Gas  in  Kentcucky,”  by  the  author  (Louisville,  1922, 
152  pp.)  will  be  found  a  full  discussion  of  this  subject. 
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NEW  TEREBRATULA  FROM  EOCENE  TERRANES  OF 

MARYLAND 

By  Prof'.  Joseph  K.  Roberts 
Vanderbilt  University,  Nashville,  Tennessee 

The  species  of  Terebratula  occurring  in  the  Aquia  formation  of 
Eocene  age  of  Maryland  is  one  which  heretofore  is  usually  con¬ 
fused  with  the,  Late  Cretacic  form  widely  known  as  Terebratula 
Harlani.  The  specimens  under  consideration  were  collected  sev¬ 
eral  years  ago  by  Professor  Edward  W.  Berry  and  Dr.  H.  P. 
Little  from  the  Aquia  formation,  three  miles  west  of  Leeland,  in 
Prince  George’s  County,  Maryland. 

As  is  well  known,  Terebratula  Harlani  was  first  described  by 
Samuel  G.  Morton,^  from  material  from  the  Late  Cretacic  beds 
of  New  Jersey  which  represented,  for  a  long  time,  the  only 
known  occurrence  of  this  species.  The  Morton  paper,  appearing 
in  1827,  differentiates  four  species  of  these  shells,  namely  Tere¬ 
bratula  Harlani,  T.  fragilis,  T.  Sayi,  and  T.  perovalis,  of  which 
only  the  first  two  forms  appear  to  be  well  founded.  There  are 
several  detailed  descriptions  of  the  T.  Harlani  in  the  literature 
based  upon  material  from  the  Rancocas  formation  of  New  Jersey 
(Middle  Marl  of  Morton)  where  it  is  found  in  both  members  of 
that  formation.  It  occurs  at  the  same  horizon  in  Delaware  and 
on  the  Eastern  Shore  of  Maryland,  near  the  Delaware  boundary. 
It  is  erroneously  recorded  as  occurring  in  the  Tertic  formation  of 
North  Carolina.  A  closely  related  form  is  also  erroneously  re¬ 
corded  from  the  Keokuk  limestone  of  Indiana. 

The  most  nearly  related  form  is  Terebratula  Sowerbi  Hag.  (not 
Nyst,  which  is  T.  grandis)  of  the  Senonian  of  Rugen  and  Bel¬ 
gium.  Throughout  the  Rancocas  formation  T.  Harlani  is  one  of 

1  Jour.  Acad.  Nat.  Sci.  Philadelphia,  (1),  Vol.  VI,  pp.  72-75,  1827. 
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the  most  diagnostic  fossils,  often  being  present  in  great  profusion. 
Three  questions  naturally  arise:  Did  this  species  survive  from 
the  Cretacic  times  into  the  Eocene?  Do  the  Eocene  beds  in  which 
it  occurs  represent  mechanically  reworked  Cretacic  deposits?  Is 
our  form  a  new  species? 

Survival  from  the  Cretacic  time  to  the  Eocene  period  is  highly 
improbable,  since  the  majority  of  the  members  of  the  Cretacic 
fauna  does  not.^  It  is  difficult  to  conceive  how  this  one  form 
among  so  many  could  have  survived  during  such  a  lapse  of  time 
as  is  certainly  represented  by  the  unconformity  between  the  Cre¬ 
tacic  and  the  Eocene  strata,  particularly  since  some  of  the  asso¬ 
ciated  forms  were  more  hardy  and  more  plastic  if  we  may  judge 
from  their  abundance  and  range.  Moreover,  at  the  outcrop  where 
the  principal  Eocene  collection  was  made,  the  Eocene  deposits 
rest  unconformably  upon  Late  Cretacic  sediments  not  younger 
than  Aturian,  if  as  young,  and  older  than  Rancocas ;  and  this  is 
not  by  any  means  the  oldest  Eocene  formation  known.  This  last 
fact  also  militates  strongly  against  the  possibility  of  the  Eocene 
Terebratula  having  been  reworked  from  older  deposits  containing 
Cretacic  faunas.  In  addition  the  condition  of  preservation  does 
not  substantiate  this  view,  as  mechanically  derived  fossils  always 
show  some  evidence  of  the  wear  incident  to  the  erosion  and  re¬ 
working  of  the  deposits  in  which  they  are  found,  it  would  in  this 
case  have  been  considerable  if  we  may  assume  that  all  traces  of  the 
Rancocas  formation  were  removed  from  Maryland  west  of  Ches¬ 
apeake  Bay. 

Some  of  the  shells  are  slightly  distorted ;  but  no  more  so  than 
the  shells  of  the  New  Jersey  and  Delaware  Rancocas  formation. 
There  are  no  evidences  of  transportation  and  what  changes  have 
taken  place  with  regard  to  the  external  ornamentation  is  no  more 
than  what  one  would  expect  from  shells  ordinarily.  The  valves 
are  filled  with  greensand,  cemented  by  siliceous,  calcareous  and 
ferruginous  materials,  and  are  contained  in  a  matrix  of  the  same 
character  of  material,  which  fact,  of  course,  does  not  prove  any¬ 
thing  ;  but  such  evidence  is  not  negative  as  it  might  be  were  the 
matrix  of  a  different  nature. 

Then,  can  this  Terebratula  be  derived  from  the  Cretacic  sedi- 

2  On  this  point  see  L-  W.  Stephenson.  U.  S.  Geol.  Surv.,  Prof.  Pap.  90,  p.  157, 
1915. 
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ments  and  none  of  its  contemporaneous  form  with  it?  The  forms 
accompanying  the  Eocene  Terebratula  are  without  exception  dis¬ 
tinctly  Eocene  in  aspect;  and  none  of  the  other  forms  of  the  Ran- 
cocas  come  over  with  it.  It  is  doubtful  whether  the  Rancocas 
formation  was  ever  present  west  of  the  Chesapeake  Bay  or  south 
of  the  Sassafras  River  in  Maryland.  In  the  deposits  containing 
the  Aquia  fossils,  the  sediments  are  uniformly  fine.  Currents  of 
water  with  velocities  great  enough  to  transport  such  massive  forms 
as  this  Terebratula  would  have  undoubtedly  brought  in  large 
pebbles  and  the  matrix  would  have  been  formed  of  a  conglomer- 
tic  nature  rather  than  of  fine  uniform  greensand. 

'  Attempts  to  explain  T.  Marylandica  as  T.  harlani  derived  me¬ 
chanically  from  the  Cretacic  sediments  meet  with  unsurmountable 
difficulties  and  may  be  dismissed  as  extremely  improbable. 

Only  Charles  Schuchert  suggests  that  the  Eocene  Terebratula 
might  be  a  new  species.  Bagg,^  in  a  short  article  published  in  the 
American  Geologist,  advocates  the  view  that  the  Eocene  form  is 
mechanically  derived  from  destroyed  Rancocas  beds.  Doctor 
Schuchert  bases  his  opinion  that  it  is  a  new  species  upon  the  pres¬ 
ence  of  certain  differential  specific  characters.  Evidently  he  saw 
only  a  few  specimens  as  he  states  that  it  is  not  advisable  to  draw 
conclusions  from  single  specimens.  In  the  present  connection  a 
large  number  of  specimens  of  the  true  ‘New  Jersey  and  Delaware 
T erebratula  harlani  were  studied  and  compared  with  an  abundance 
of  the  Maryland  Eocene  forms. 

The  following  is  a  description  of  the  Maryland  Eocene  form : 

Test  very  large,  the  average  of  several  large  individuals  being  77  mm. 
in  length,  47  mm.  in  width,  and  41  mm.  in  thickness. 

Shape:  Edges  subparallel,  smooth  and  well  coordinated.  Adult  speci¬ 
mens  cylindrical  in  outline;  bilobation  absent  in  nearly  all  specimens  and 
reduced  to  relative  insignificance  in  those  which  possess  it;  young  speci¬ 
mens  are  very  unlike  the  adults  in  shape,  presenting  a  triangular  outline 
from  above,  and  a  slight  thickness. 

Ventral  Valve:  Very  convex,  beak  very  pointed,  very  prominent  and 
slightly  curved ;  foramen  3  to  5  mm.  in  diameter ;  no  appearance  of  any 
trough-like  groove  down  the  median  portion  of  the  valve ;  no  trace  of 
any  angular  ridge  running  downward  from  the  apex  as  in  T.  harlani; 
truncation  lines  very  fine  and  wavy,  and  become  more  and  more  parallel  to 
the  edge  on  approaching  it,  no  sharp  breaks  in  these  lines  as  in  T.  harlani; 
edges  of  the  valve  uniformly  straight;  compared  with  the  dorsal  valve  it 

3  American  Geologist,  Vol.  XXIII,  p.  370,  1898. 
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is  somewhat  shallower  and  more  concave.  The  foramen  in  T.  harlani  is 
proportionately  larger  than  in  T.  marylandica.  The  beak  is  very  much 
stouter  in  the  Eocene  form  and  thicker,  the  layers  showing  up  well.  On 
the  ventral  valve  of  T.  Marylandica  the  cardinal  area  is  distinctly  diiferent 
from  the  corresponding  area  of  T.  harlani;  this  change  being  brought 
about  by  the  deposition  of;  material  anterior  to  the  pedicle  opening.  This 
deposit  is  of  sufficient  size  and  area  to  deserve  notice  and  is.  quite  promi¬ 
nent  when  a  number  of  specimens'  are  compared.  The  deposit  shows  very 
fine,  closely  spaced  lines  of  growth. 

Dorsal  Valve:  Convex,  in  some  specimens  more  or  less  than  the  ventral 
valve,  but  usually  the  same;  the  curvature  from  the  highest  part  very 
abrupt  to  the  beak;  uniformly  curved  and  nowhere  with  valves  showing 
any  tendency  toward  bilobation;  both  valves  show  two  calcareous  layers, 
the  outer  one  of  a  sheeted  nature  everywhere  paralelling  the  surface  of 
the  valve,  the  inner  one  being  of  a  prismatic  nature;  the  outer  layer  is 
uniformly  well)  preserved.  The  curving  of  the  beak  is  far  more  abrupt  in 
the  Ex)cene  specimens  than  in  the  Cretacic  examples.  Most  of  the  valves 
are  more  abruptly  curved  or  compressed  posteriorly,  even  curving  slightly 
forward  at  the  hinge  margin. 

External  Ornamentation:  Lines  are  uniformly  curved,  that  is,  there  are 
no  major  or  minor  lines.  There  are  punctae  at  right  angles  to  these  curved 
lines,  rarely  visible  to  the  naked  eye. 

Internal  Ornamentation:  The  dorsal  valve  has  a  relatively  deep  narrow 
groove  extending  over  three-fourths  the  entire  length  of  the  valve,  narrow 
near  the  crura,  but  widening  considerably  towards  the  anterior;  on  either 
side  is  a  triangular  muscle-scar  of  the  adductor,  diductor  and  pedicle 
muscles ;  in  the  median  portion  of  the  dorsal  valve  the  groove  is  deepest 
at  these  platforms,  and  the  groove  dies  out  as  the  valve  becomes  thinner 
toward  the  edge;  valve  very  massive  towards  the  crura.  The  latter  are 
flattened  at  their  base,  and  the  loops  are  not  well  preserved,  although  there 
is  every  reason  to  suppose  that  the  brachidium  was  very  similar  to  that  of 
the  true  T.  harlani.  There  is  a  wide  area  on  either  side  of  the  crura ;  the 
distance  across  the  valve  from  hinge  to  hinge  is  relatively  narrower  than 
in  T.  harlani.  The  ventral  valve  shows  a  groove  running  through  the 
center,  which  widens  towards  the  anterior;  on  either  side  of  the  groove 
are  the  thick,  heavy  platforms  of  the  muscle,  which  are  uneven  on  their 
surface ;  foramen  possesses  a  wider  diameter  externally. 

For  comparison  the  description  of  Morton,^  Whitfield,^  Weller,® 
Gardner,^  and  Clark  and  Morton,®  are  not  without  interest. 

The  distinguishing  features  of  T.  Marylandica: 

(1)  Absence  of  plication, 

(2)  Character  of  the  hinge  area, 

4  Am.  Jour.  Sci.,  (1),  Vol.  VI,  p.  280,  1829. 

5  Mon.  U.  S.  Geol.  Surv.,  Vol.  IX,  Pt.  vi,  p.  6,  1885. 

6  Geol.  Surv.  New  Jersey,  Pal.,  V^ol.  IV,  p.  357,  1907. 

7  Maryland  Geol.  Surv.,  Vol.  on  Upper  Cret.,  p.  734,  1916. 

8  Maryland  Geol.  Surv.,  Vol.  on  Eocene,  p.  204,  1901. 
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(3)  Relative  convexity  of  the  valves, 

(4)  Character  of  the  umbonal  region. 

(5)  Character  of  muscle  scars  and  their  platform. 

(6)  Character  of  beak  and  pedicle  opening. 

(7)  Migration  of  the  delthyrium  backward. 

In  those  shells  from  the  Eocene  beds  which  show  a  slight  tend¬ 
ency  to  plication,  the  character  of  the  same  is  different  from  that 
of  the  early  forms.  In  the  Rancocas  forms  the  lobing  begins  on 
the  region  of  greatest  convexity  and  proceeds  anteriorly,  produc¬ 
ing  a  groove  or  depressed  area  in  the  dorsal  valve,  thus  giving 
rise  in  the  ventral  valve  to  a  concave  area  to  correspond  with  the 
convex  area  of  the  dorsal  valve  and  two  folds  on  either  side  of 
the  convex  area.  The  lines  of  growth  are  regularly  curved  on  the 
Eocene  form  due  to  the  absence  of  the  plications.  This  loss  of 
plication  brings  about  another  change,  namely,  in  this  region  there 
is  a  slightly  greater  width  of  the  valves. 

The  area  on  either  side  of  the  crura  is  wider  in  the  Eocene 
species,  though  this  does  not  have  as  much  significance  as  the 
preceding  feature.  There  seems  to  be  a  tendency  for  the  crura 
to  come  closer  together  and  this  is  evidently  the  result  of  some 
morphological  change  in  the  internal  parts  and  most  surely  has 
some  weight  in  the  way  of  morphological  peculiarity. 

Terebratula  marylandica  shows  greater  convexity  of  the  valves 
in  all  adult  forms.  It  is  not  brought  out  so  much  by  sketches  as 
when  actual  specimens  are  compared.  Both  of  the  valves  in  T. 
harlani  are  flattened  at  the  points  where  thickest,  while  the  con¬ 
vexity  is  greatest  at  these  points  in  T.  marylandica ;  which  the  cen¬ 
ter  of  greatest  convexity  is  more  anterior  in  T.  harlani  than  in  T. 
marylandica.  The  umbo  in  the  new  species  is  also  more  convex 
posteriorly. 

The  high  platform  processes  on  either  side  of  the  internal  groove 
is  a  striking  difference  distinguishing  the  Eocene  and  Cretacic 
forms.  This  process  is  very  massive  and  stands  8  to  10  mm. 
above  the  groove.  Its  surface  is  undulating.  In  T.  harlani  there 
.is  no  platform  in  the  majority  of  cases  and  in  those  that  do 
possess  it,  it  rises  only  a  millimeter  or  so  in  height  and  is  very 
smooth  and  small. 

The  combination  of  characters  of  Terebratula  marylayidica 
make  the  form  stand  out  as  a  distinct  and  separate  species  and 
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this  combination  is  much  more  distinctive  than  those  of  many 
Tertic  species  commonly  accepted  as  valid.  Although  Terebratula 
harlani,  in  its  general  features,  bears  a  close  resemblance  to  T. 
marylandica  the  line  between  the  two  species  is  not  difficult  to  draw. 
According  to  Greger,  T.  regitolii  Meneghini  from  the  Italian  Mio¬ 
cene  has  an  exactly  similar  pedicle  region  in  size,  shape  and  posi¬ 
tion;  microscopically  the  punctse  are  similar  in  both  size  and  ar¬ 
rangement,  but  are  somewhat  more  widely  spaced  in  the  younger 
form. 

In  New  Jersey,  Delaware  and  the  Eastern  Shore  of  Maryland 
Terebratula  harlani  is  associated  with  it  a  large  fauna,  no  ele¬ 
ments  of  which  are  found  in  the  Eocene  sediments.  It  is  likely 
that  if  this  form  were  a  survival  of  Cretactic  times,  some  of  the 
other  associated  forms  would  have  accompanied  it,  though  not  nec¬ 
essarily  so.  It  is  not  necessary  to  enumerate  here  all  the  genera  and 
species  occurring  in  the  Rancocas  formation,  but  the  following 
enumeration  gives  idea  of  the  profusion  of  the  life  during  that 
time. 

Species 


Protozoa  .  46 

Echinodermata  .  16 

Brachiopoda  .  5 

Bryozoa  .  54 

Vermes  .  1 

Pelecypoda  .  17 

Gastropoda  .  3 

Crustacea  .  2 

Anthozoa  .  2 
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The  fauna  of  the  Rancocas  beds  of  Delaware  is  similar  to  that 
of  New  Jersey.  In  Maryland  the  Rancocas  formation  is  unrep¬ 
resented  except  in  one  spot  near  the  Delaware  boundary,  and  the 
New  Jersey  faunal  zones  cannot  be  traced  into  Maryland. 

The  Eocene  beds  of  Maryland,  as  well  as  of  adjoining  areas, 
were  described  by  Darton  as  the  Pamunkey  formation;  they  are 
now  regarded  as  representing  two  distinct  terranes,  the  Nanjemoy 
beds  and  the  Aquia  greensands. 

The  Aquia  formation,  which  carries  Terebratula  marylandica, 
consists  for  the  most  part  of  greensand  and  greensand  marl.  The 
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basal  member  of  the  formation  contains  T.  marylandica  along 
with  a  great  many  other  forms.  At  the  locality  where  the  collec¬ 
tion  was  made  the  following  species  were  recognized.  The  hori¬ 
zon  is  about  100  feet  above  the  base  of  the  Aquia  section.  It  is 
recalled  that  the  Aquia  beds  do  not  represent  the  earliest  American 
Eocene  sediments,  but  a  section  somewhat  younger  than  the  oldest 
Eocene  layers  of  the  Southern  states. 

Pelecypoda : 

Crassatellites  alaeformis,  Conrad. 

Cuculaea  gigantea,  Conrad. 

Dosiniopsis  lenticularis,  Rogers. 

Leda  cliftonensis,  Clark. 

Meretrix  ovato,  var.,  pyga,  Conrad. 

Meretrix  subimpressa,  Conrad. 

Ostrea  compressirostra. 

Protocaria  lenis,  Conrad. 

Teredo  virginiana,  Clark. 

Venericardia  planicosta,  var.  regia,  Conrad. 

Gastropoda : 

Lunatia  marylandica,  Conrad. 

Turritella  mortoni,  Conrad. 

Volutilithes  petrosus,  Conrad. 

Brachiopoda : 

Terebratula  marylandica. 

The  foregoing  fossils  are  imbedded  in  a  matrix  of  greensand, 
and  like  the  shells  of  T.  marylandica  show  no  evidences  of  trans¬ 
portation,  but  all  are  true  representatives  of  early  Eocene  time. 
Some  other  forms  of  the  T.  marylandica  are  found  in  the  collec¬ 
tion  of  the  Johns  Hopkins  University,  that  were  obtained  near 
the  mouth  of  the  Severn  River,  opposite  the  Naval  Academy. 
These  forms  although  much  broken  have  the  internal  platforms 
well  preserved.  With  the  Terebratula  of  this  locality  there  are  a 
number  of  characteristic  Aquia  fossils,  some  of  which  occur 
abundantly  at  Leeland. 

Explanation  of  Plate  in 

Fig.  1.  Lateral  profile  of  the  two  species. 

Fig.  2,  Dorsal  profile  of  same. 

Fig.  3.  Cross-section  of  the  two  in  the  region  of  maximum  thickness. 

Fig.  4.  Cross-section  of  the  two  half  way  between  region  shown  in 
Fig.  3  and  anterior  margin. 

Fig.  5.  Cross-sections  of  the  two  at  the  positions  indicated,  showing  the 
platform ;  T.  harlafti  on  left,  and  T.  marylandica  on  right. 
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For  the  purpose  of  correlation  of  the  Cretacic  horizons  con¬ 
taining  T,  harlani,  the  following  table  is  given ;  and  the  formations 
or  members  are  underlined  which  carry  this  species : 


New  Jersey 

Delaware 

Maryland 

Carolinas 

Europe 

Manasquan 

Danian 

Senonian 

Turonian 

Rancocas : 

Rancocas 

Rancocas 

Vincentown 

Hornerstown 

Monmouth ; 

Tinton 

Red  Bank 

Naves  ink 

Mt.  Laurel 

Monmouth 

Monmouth 

Pedee 

Matawan : 
Wenonah 
Marshalltown 
Englishtown 
Woodbury 
Merchantsville 

Matawan 

Matawan 

Black  Creek 

Middendorf 

Magothy 

Magothy 

Magothy 

Raritan 

Raritan 

Raritan 

Cenomanian 

/ 
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GENESIS  OF  ANORTHOSITES  OF  PIEDMONT 

PENNSYLVANIA 

By  Isabel  F.  Smith 
Bryn  Mawr,  Pa. 

A  small  body  of  anorthosite  which  occurs  about  forty  miles 
northwest  of  Philadelphia  appears  to  present  features  giving  clue 
to  the  mode  of  origin  of  the  mono-mineralic  eruptives.  This 
rock  mass  occurs  near  the  town  of  Honeybrook  in  the  Piedmont 
belt  of  eastern  Pennsylvania.  In  outline  the  area  occupied  by 
the  anorthosite  is  elliptical,  and  it  comprises  approximately  twenty 
square  miles.  (Fig.  1.) 


^  16 
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Figure  1.  Location  of  Honeybrook  Anorthosite 
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Compared  with  the  great  anorthositic  masses  of  eastern  Canada 
and  New  York  State,  each  of  which  is  measured  in  thousands  of 
square  miles,  the  occurrence  at  Honeybrook  seemingly  has  small 
areal  significance.  This  anorthosite  is,  however,  an  extremely 
pure  type,  with  very  clear-cut  boundaries.  Petrologic  examina¬ 
tion  of  the  rock,  therefore,  furnishes  data  bearing  upon  the  im¬ 
portant  and  as  yet  unsolved  problem  of  the  origin  of  this  class  of 
rocks. 

Of  the  various  contributions  to  the  knowledge  of  anorthosites, 

'  whether  in  North  America  or  in  other  countries,  some  merely 
recognize  the  type  or  record  its  occurrence ;  others  give  petro¬ 
graphic  description,  but  only  in  a  very  general  way  suggest  an 
origin ;  while  only  few  ofifer  detailed  theoretical  discussion  of  the 
genesis  of  anorthosite,  and  of  mono-mineralic  rocks  as  a  class. » 

The  two  most  important  occurrences  of  anorthosite  in  North 
America  are  those  in  New  York  State  and  in  eastern  Canada 
which,  because  of  their  especial  bearing  on  the  Pennsylvania  rocks 
under  consideration  will  be  referred  to  in  some  detail  later.  A 
third  North  American  occurrence  of  importance  is  that  of  the 
Lake  Superior  region.  Anorthosite  outcrops  at  intervals  along 
the  Minnesota  shore-line  of  the  Lake  over  a  distance  of  nearly 
fifty  miles.  The  rock,  which  is  considered  a  differentiation  pro¬ 
duct  of  the  great  Duluth  gabbro  lopolith,  has  been  studied  in  turn 
by  Irving,  Van  Hise,  Leith,  Lawson,  Elftman,  N.  H.,  H.  V.,  and 
A.  N.  Winchell,  and  Grout. 

In  Wyoming  ^  anorthosite  occurs  as  an  intrusive,  closely  asso¬ 
ciated  with  gabbro.  Lindgren  and  Ransome  ^  record  the  occur¬ 
rence  of  a  dike  of  anorthosite  in  the  Cripple  Creek  district,  Colo¬ 
rado.  One  infers  from  the  brief  description  of  this  highly  altered 
rock  that  it  was  by  no  means  a  pure  anorthosite.  Bowen  makes 
reference  to  this  reported  dike  in  a  footnote  in  his  “Problem  of 
the  Anorthosites,”  where  he  states  that  the  rock  contains  biotite 
and  quartz,  and  evidently  approaches  a  granite  in  composition.^ 
Lawson,^  in  his  paper  on  the  Minnesota,  anorthosites,  mentions 
northern  New  Jersey  among  the  localities  where  he  has  observed 
rocks  “almost  exclusively  composed  of  an  allotriomorphic  granular 

1  U.  S.  Geol.  Surv.,  Atlas,  Laramie-Sherman  Folio  (No.  173),  1910. 

2  U.  S.  Geol.  Surv.,  Prof.  Pap,  54,  p.  55,  1906. 

3  Journal  Geology,  Vol.  XXV,  p.  233,  1917. 

4  Bull.  Minn.  Geol.  and  Nat.  Hist.  Surv.  No.  8,  p.  7,  1893. 
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aggregate  of  basic  plagioclase,”  but  no  reference  to  anorthosites 
can  be  found  in  the  recent  reports  of  New  Jersey.  It  is  possible 
that  Lawson  had  reference  to  certain  feldspathic  facies  of  the 
quartz  diorite  or  gabbro  of  the  Highland  region  which  are  known, 
respectively,  as  the  Losee  and  Pochuck  gneisses.®  E.  C.  E.  Lord  ® 
describes  “labradorfels”  from  Burnt  Head,  Monhegan  Island, 
Maine,  associated  with  norite  and  gabbro-pyroxenite.  The  anor¬ 
thosite  and  pyroxenite,  which  are  extreme  differentiates  of  a  nori- 
tic  magma,  occur  as  “dike-like  masses  (segregation  veins)”  .  .  . 
having  “an  irregular  lenticular  form  without  persistency  in  strike 
or  dip.  They  can  rarely  be  followed  for  more  than  twenty  to 
thirty  yards,  and  terminate  generally  in  narrow  veins  and  string¬ 
ers  while  merging  laterally  into  the  surrounding  rock  without 
definite  planes  of  contact.”  Between  these  two  extreme  differ¬ 
entiates,  “bands  of  extremely  coarse-grained  norite  occupy  miner- 
alogically  and  geologically  an  intermediate  position.”  ^  Evidently 
these  feldspathic  segregations,  although  numerous,  do  not  occur 
in  large  masses.  They  may  represent  original  banding  in  the 
norite  comparable  to  the  banding  in  the  gabbro  of  the  Isle  of 
Skye,®  as  noted  by  Geikie  and  Teall,  or  in  the  Duluth  gabbro,^ 
as  mentioned  by  Grout.  Brief  mention  is  made  by  Pardee  of  a 
thoroughly  crushed  and  sheared  anorthosite  associated  with  a 
strongly  laminated  granite  in  Shoshone  County,  Idaho.  These 
rocks  are  considered  very  ancient  pre-Cambrian  intrusives.  So 
far  as  known  no  other  occurrences  of  anorthosite  are  reported 
from  North  America. 

In  Norway,  great  masses  of  anorthosite,  associated  with  gabbro 
intrusives,  are  described  by  Kolderup,^^,  Vogt,^^  Kjerulf,^®  and 
Helland ;  in  Sweden  anorthosite  is  described  by  Hogbom ;  in 
Volhynia,  Kiev,  Podolie,  and  Kherson  districts  of  Southern  Rus¬ 
sia  by  Ossowski,^®  Schrauf,^^  Tarrasenko,^®  von  Crustschoff,^® 

5  Final  Kept.  Ser.  State  Geologist,  N.  J.,  Vol.  VII,  pp.  121  122,  1910. 

6  American  Geologist,  Vol.  XXVI,  pp.  329-347,  1900. 

7  American  Geologist,  Vol.  XXVI,  pp.  338-339,  1900. 

8  Quart.  Journ.  Geol.  Soc.,  London,  Vol.  L,  pp.  645-659,  1894. 

9  Journal  Geology,  Vol.  XXVI,  pp.  439-458,  1918. 

10  Bull.  U.  S.  Geol.  Surv.  No.  470,  pp.  45-46,  1911. 

11  Bergens  Mus.  Aarbog,  No.  5,  1896,  No.  7,  1898,  No.  12,  1903. 

12  Videns.  Selsk.  Skr.,  Vol.  I,  No.  10,  1908. 

13  Die  Geologie  des  sudl.  und  mittleren  Norwegen,  1857. 

14  Helland,  collaborated  with  Vogt.  > 

15  Geol.  Foren.  Stockholm  Forhand.,  Band  XXXI,  1909. 

16  Comptes  Rendus  de  I’Academie  des  Arts  et  Sciences  de  Krakavie,  Mai,  1879. 

17  Sitzb.  der  k.  Acad.  Wiss.,  Wien,  Band  LX,  abt.  I,  1869. 

18  Abh.  Nat.  Gesell.  Kiew,  1886. 

19  Tschermak’s  Min.  u.  pet.  Mitt.,  Bd.  IX,  pp.  470-527,  1888. 
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and  others.  Rocks  composed  exclusively  of  feldspar  are  re¬ 
ported  by  Duparo  and  Pearce  from  the  region  of  Mount  Kos- 
winsky  in  the  northern  Urals.  In  Egypt,  anorthosite  was  found 
in  place  by  Newbold,^^  in  a  mountainous  region  of  the  Nile  River, 
where  it  is  thought  to  bear  the  same  relation  to  the  surrounding 
rocks  as  does  the  anorthosite  in  Canada.  This  rock  is  described  - 
by  Sir  William  Dawson  in  his  “Notes  on  useful  and  ornamental 
stones  of  ancient  Egypt.”  Lacroix  describes  briefly  anorthosite 
from  the  Massif  central  of  Madagascar.  Among  the  basic  non- 
volcanic  rocks  is  a  gabbroic  series  in  which  is  found  “dans  le 
Betsiriry  (Telomito,  a  Test  de  Miandrivazo)  .  .  .  associe  a 

des  gabbros  a  facies  pegmatique,  une  anorthosite  a  gros  elements, 
exclusivement  formee  de  labrador.  Dans  la  region  d’Antanimaro 
(Androy),  M.  J.  Giraud  a  constate  Texistence  d’anorthosites 
labradoriques,  renfermant  par  place  de  grands  cristaux  d’hyper- 
sthene  et  formant  une  sorte  de  pegmatite  de  norite.  Ces  types 
interessants  semblent  etre  exceptionnels.”  The  chemical  analysis 
of  the  anorthosite  shows  the  rock  to  be  very  pure  ( 1  *  5  *  4  •  4-5  • 
Labradorose).  Anorthosite  is  reported  by  Brogger  from  India.^* 
“Labradorite  rock”  from  the  Lizard  Peninsula,  in  Cornwall,  is  an 
extremely  localized  facies  of  gabbro.^° 

Returning  to  the  great  occurrences  of  anorthosite  in  North 
America :  The  anorthosite  of  Eastern  Canada  covers  a  large 
part  of  the  provinces  of  Quebec  and  Ontario,  and  is  found  also 
in  New  Brunswick  and  Manitoba;  in  the  northern  Adirondacks 
the  anorthosite  occurs  largely  in  Clinton,  Franklin,  and  Essex 
counties.  The  Canadian  anorthosite  is  investigated  especially  by 
Adams ;  that  of  the  Adirondacks  by  Emmons,  Kemp,  Ruedemann, 
Cushing,  Miller,^®  and  others,  all  of  whom  have  written  extensive¬ 
ly  on  the  pre-Cambrian  intrusives.  Recently,  the  theoretical  dis¬ 
cussion  of  the  origin  of  anorthosite  is  stimulated  by  Bowen’s 
papers  on  “The  Later  Stages  in  the  Evolution  of  Igneous  Rocks,”^^ 
written  in  1915,  and  followed  two  years  later  by  “The  Problem 
of  the  Anorthosites.”  In  these  papers  Bowen  supplies  data 

20  Mem.  Soc.  de  Physique  et  d’Hist.  Nat.  Geneve,  T.  XXXIV,  1902.  ^ 

21  Geol.  Surv.  Canada,  Ann.  Kept.,  new  ser.,  Vol.  VIII,  pt.  J,  p.  133,  1895. 

22  Trans.  Victoria  Inst.,  London,  1891. 

23  Compt.  Rend,  des  seances  de  I’Acad.  des  Sci.  Inst,  de  France,  T.  159,  1914. 

24  Die  Eruptivgesteine  des  Kristianiagebietes,  Vol.  Ill,  p.  325,  1898. 

25  Information  received  verbally  from  Dr.  T.  G.  Bonney  of  Cambridge,  England. 

26  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  p.  399,  1918. 

27  Journal  Geology,  Supplement  to  Vol.  XXIII,  No.  8,  1915. 

28  Ibid.,  Vol.  XXV,  pp.  209-243,  1917. 
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from  the  Canadian  and  Adirondack  anorthosites  to  support  his 
theory.  The  paper  gave  rise  to  a  succession  of  articles  by  Cush¬ 
ing  and  Miller, both  of  whom  took  issue  with  Bowen  on  his 
interpretation  of  the  Adirondack  intrusives.  Miller’s  conclusions 
are  best  summed  up  in  the  paper  entitled  “Adirondack  Anortho¬ 
site.”  The  essential  points  of  discussion  between  Bowen  and 
Miller  are  stated  in  a  later  section  of  this  article,  dealing  with 
criteria  bearing  upon  the  question  of  the  origin  of  the  Pennsylvania 
occurrence. 

The  Pennsylvania  anorthosite  tract  is  located  in  the  eastern 
part  of  the  state,  near  Honeybrook  in  Chester  County.  *  It  lies 
between  (40°  00')  and  (40°  10')  north  latitude  and  between 
(75°  45')  and  (75°  55')  west  longitude.  The  area  of  anortho¬ 
site  measures  approximately  six  miles  in  length  and  three  and 
one-half  miles  in  width. 

The  Honeybrook  area  falls  within  that  portion  of  the  Appalach¬ 
ian  Highlands  which  is  commonly  known  as  the  Piedmont  Prov¬ 
ince,  and  which  comprises  the  Piedmont  uplands  and  the  Triassic 
lowlands.  The  northern  one-third  of  the  Honeybrook  quadrangle 
lies  within  the  Triassic  lowlands;  the  southern  two-thirds  within 
the  Piedmont  uplands.  The  Piedmont  Province  is  composed  of 
a  series  of  dissected  plateaux  extending  as  a  broad  upland  to  the 
southeast  of  the  Appalachian  Mountains.  The  summits  of  these 
plateaux  are  the  vestiges  of  successive  peneplains  which  have 
been  traced  by  Bascom  throughout  the  Piedmont  province.  In 
the  Honeybrook  district  the  anorthosite  area  represents  a  re¬ 
markably  well-defined,  but  small  physiographic  and  lithologic 
unit.  It  is  a  dome-shaped  upland,  elliptical  in  outline,  within 
which  are  found  a  few  isolated  remnants  of  the  Honeybrook  pene¬ 
plain  at  altitudes  of  about  700  feet.  This  clear-cut  oval  area  of 
the  anorthosite  is  surrounded  by  quartz-monzonite  except  on  the 
south  where  a  fault  brings  a  Cambric  quartzite  series  against 
the  intrusives. 

The  configuration  of  the  surface  in  Late  Cretacic  time,  when 
regional  uplift  renewed  erosion  on  the  Honeybrook  peneplain, 
may  be  hypothetically  reconstructed  from  the  following  interpre- 

29  Ibid.,  Vol.  XXV,  pp.  501-509,  and  512-514,  1917. 

30  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  pp.  399-462,  1918;  also  Bull.  N.  Y.  State 
Mus.,  Nos.  211,  212,  213,  214,  1919;  also  Journal  Geology,  Vol.  XXIX,  pp.  29-47,  1921. 

31  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  pp.  399-462,  1918. 

32  Journal  Geology,  Vol.  XXIX,  pp.  540-559,  1921. 
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tation  of  the  present  drainage  system.  The  East  Branch  of 
Brandywine  Creek  (see  topographic  map)  is  now  flowing  ap¬ 
proximately  parallel  to  and  within  a  half-mile  of  the  northern 
border  of  the  anorthosite.  In  early  youth,  the  course  of  the 
stream  may  have  been  controlled  by  the  line  of  least  resistance, 
which  was  the  northern '  contact  between  the  anorthosite  and  the 
quartz-monzonite ;  later,  with  the  deepening  of  the  channel,  this 
line  of  contact  continually  shifted  to  the  left  (figure  2)  parallel 

//oneyhrook  Le 
Present  Level 


Figure  2.  Section  at  Barneston  Figure  3.  Section  at  Birdell 

In  which  1,  Quartz  Monzonite;  2,  Anorthosite;  3,  Cambric  Quartzite; 

4,  Baltimore  Gneiss 

to  the  channel,  and  along  the  slope  of  the  valley.  At  the  present 
time,  the  stream  possesses  a  deeper  and  wider  valley.  Hence,  the 
quartz-monzonite  is  even  further  removed  laterally  from  the  chan¬ 
nel,  while  the  parallelism  between  the  line  of  contact  and  the 
direction  of  the  stream’s  course  is  still  pronounced. 

Again,  along  the  southwest  boundary  of  the  anorthosite,  the 
present  course  of  the  West  Branch  of  Brandywine  Creek  sug¬ 
gests  a  somewhat  similar  history.  The  stream  is  seen  to  be  flow¬ 
ing  along  the  contact  between  the  quartz-monzonite  and  the  anor¬ 
thosite.  In  its  infancy,  this  stream  was  probably  working  on 
quartz-monzonite  which  covered  the  anorthosite,  and  was  making 
use  of  the  fault  plane  which  furnished  a  well-defined  line  of  least 
resistance  (figure  3).  Later,  by  vertical  cutting,  it  found  the 
contact  between  quartz-monzonite  and  anorthosite.  Eventually, 
with  further  deepening  of  its  channel  and  broadening  of  its  valley 
wall,  the  stream  should  lie  well  within  the  boundary  of  the  anor¬ 
thosite,  the  quartz-monzonite  should  disappear  on  the  south,  while 
the  fault-line  should  shift  further  and  further  away  from  the  chan¬ 
nel,  parallel  to  the  stream  valley. 

This  initial  economy  of  effort  manifested  in  the  early  adjust¬ 
ment  of  these  streams  to  their  environment,  has  its  analogue  in  the 
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culture  of  the  region.  This  may  be  seen  on  the  topographic  map 
which  shows  that  the  circumference  of  the  ellipsoidal  anorthosite 
area,  which  is  so  clearly  defined  by  the  courses  of  the  streams,  is 
further  accentuated  by  railroad  lines  and  towns,  all  of  which  are 
confined  to  these  stream  valleys.  The  entire  central  area,  higher 
and  less  accessible,  is  exclusively  farm  land.  This  upland  interior 
is  a  water- shed  from  which  small  tributary  streams  radiate  to  the 
bordering  main  streams.  At  an  altitude  approximating  600  feet 
there  is  evidence  of  a  break  in  the  erosion  cycle.  Above  this 
level  the  land  rises  gradually,  while  below,  it  dips  steeply.  This 
indicates  accelerated  stream-action  following  a  period  of  retarda¬ 
tion.  The  surface  above  the  600  foot  contour  interval  may  repre¬ 
sent  erosion  during  the  Harrisburg  cycle.  This  cycle  was  inter¬ 
rupted  by  uplift  which  renewed  erosion  and  accelerated  vertical 
cutting,  producing  the  steeper  slopes  below  the  600  foot  contour. 
Erosion  levels  later  than  Harrisburg  are  not  recognizable  in  the 
area  of  the  anorthosite,  where,  with  the  exception  just  mentioned, 
no  traces  are  preserved  of  the  slight  interruptions  in  erosion  dur¬ 
ing  late  geological  times. 

That  portion  of  eastern  Pennsylvania  which  is  called  the  Pied¬ 
mont  Province,  was  a  part  of  the  very  ancient  land-mass  called 
Appalachia.  In  pre-Cambrian  times  this  land-mass  extended  along 
the  Atlantic  border,  its  eastern  limit  reaching  beyond  the  present 
shore-line,  its  western  border  submerged  beneath  the  Appalachian 
sea.  “Appalachia  contributed  the  materials  and  the  Appalachian 
Sea  was  the  basin  in  which  the  materials  were  laid  down  in  beds 
that  ultimately,  after  they  had  been  folded,  uplifted,  and  eroded, 
formed  the  Appalachian  Highlands.”  (Bascom). 

The  oldest  of  the  pre-Cambrian  rocks  represented  within  the 
Honeybrook  area  are  the  Baltimore  and  the  Pickering  gneisses. 
Before  the  beginning  of  the  Paleozoic  era  these  sediments,  which 
were  laid  down  in  the  shallow  waters  of  the  Appalachian  Sea, 
w’ere  first  metamorphosed  during  earth  movements  which  were 
accompanied  by  intrusions  of  igneous  material.  In  the  Honey- 
brook  region  the  masses  of  quartz-monzonite,  anorthosite,  gab- 
bro,  pyroxenite,  and  peridotite  belong  to  this  period  of  intrusion. 
That  a  prolonged  period  of  erosion  followed  this  uplift,  bringing 
about  the  removal  of  much  of  the  sedimentary  covering  and  ex¬ 
posing  portions  of  these  intrusives  even  before  the  close  of  pre- 
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Cambrian  time,  is  indicated  by  the  fact  that  in  the  Honeybrook 
area  the  basal  formations  of  the  Paleozoic  formations  (Cambric 
quartzite  series)  were  laid  down  directly  upon  the  crystalline  floor. 
Deposition  in  Paleozoic  time,  in  the  Piedmont  upland,  was  prob¬ 
ably  confined  to  the  Cambric  and  Ordovic  periods  during  which 
arenaceous,  arenaco-argillaceous,  calcareous,  and  argillaceous  sedi¬ 
ments  were  laid  down  along  the  borders  of  the  Appalachian  Sea. 
Of  these  sediments,  which  were  closely  folded  by  the  end  of  the 
Paleozoic  era,  only  the  arenaceous  (Cambric  quartzite  series) 
and  the  calcareous  ( Cambrio-Ordovicic  limestone  series)  are  found 
in  the  Honeybrook  tract.  “The  uplifting  of  the  sediments  above 
the  sea  was  probably  not  a  continuous  process,  but  intermittent, 
and  while  erosion  did  not  keep  pace  with  the  upward  movement, 
Paleozoic  topography  undoubtedly  never  exhibited  a  constructional 
form,  i.e.,  the  arches  and  troughs  of  the  folded  crystallines  never 
existed  unmodified  by  erosion.  Before  the  beginning  of  the  next 
period  of  sedimentation  of  which  there  is  a  record  (Triassic), 
they  had  been  eroded  to  a  relatively  even  surface.”  (Bascom). 

Triassic  sedimentation  is  well  represented  in  this  region.  The 
Stockton,  Lockatong  and  Brunswick  formations  occupy  the  north¬ 
ern  third  of  the  Honeybrook  area -where  they  were  laid  down 
successively  in  the  shallow  waters  of  the  trough-like,  inland  basin 
bordering  the  crystallines  on  the  northwest.  The  trace  of  the 
surface  of  unconformity  at  the  base  of  the  Triassic  sequence 
marks  the  line  of  division  between  the  Triassic  lowlands  and  the 
Piedmont  uplands.  Igneous  action  during  Triassic  times  is  repre¬ 
sented  by  extrusions  and  intrusives  of  basalt  and  diabase,  as 
flows,  sills  and  dikes.  Diabase  occurs  in  the  Honeybrook  region 
in  small,  narrow,  discontinuous  dikes  and  larger  irregular  dike-like 
masses.  The  former  are  scattered  throughout  the  tract,  while 
the  latter  seem  to  be  almost  entirely  confined  to  the  Triassic 
formations..  These  igneous  intrusions  represent  the  youngest 
rocks  in  the  region.  From  the  close  of  Triassic  times  to  the 
Present  time  there  has  been  no  submergence  of  this  district.  Be¬ 
ginning  with  post-Triassic  time,  the  river  systems  drained  to  the 
southeast  into  the  Atlantic  Ocean.  The  streams  have  in  general 
retained  their  courses  to  the  present  day,  and  denudation  of  the 
region  has  been  continuous  except  for  minor  pauses  and  accelera¬ 
tions. 
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The  igneous  materials  intruded  during  the  pre-Cambrian  earth- 
movements  which  lifted  and  folded  the  Baltimore  and  the  Picker¬ 
ing  sedimentaries  accumulated  upon  western  Appalachia,  and 
were  themselves  subjected  later  to  pressure  and  metamorphism  at 
three  different  times.  At  the  close  of  the  Ordovicic  period  both 
sedimentary  and  igneous  rocks  probably  suffered  uplift  and  slight 
folding.  Again,  from  Mid-Devonic  through  to  the  close  of  Car¬ 
bonic  times  they  were  subjected  to  severe  and  more  or  less  con¬ 
tinuous  earth-movements  with  close-folding  and  faulting,  which 
resulted  in  the  recrystallization  of  the  Cambric,  Cambro-Ordovicic 
and  Ordovicic  sediments  into  quartzites  and  quartz-schists,  cal¬ 
careous  schists  and  marbles,  and  mica  schists,  respectively,  and. 
brought  about  the  conversion  of  the  pre-Cambrian  intrusives  into 
orthogneisses.  Later,  toward  the  close  of  the  Triassic  period, 
earth-movements  contemporaneous  with  the  intrusion  and  extru¬ 
sion  of  igneous  material  produced  further  metamorphism  through¬ 
out  the  region.  During  the  prolonged  erosion  interval  from 
Triassic  time  to  the  Present,  thousands  of  feet  of  Paleozoic  sedi¬ 
ments  were  removed.  In  the  Honeybrook  area,  the  great  folds 
of  the  Cambric  quartzites  and  Cambro-Ordovicic  limestones  ap¬ 
pear  for  the  most  part  only  as  narrow,  alternating  ridges  and  val¬ 
leys  which  are  the  roots  of  closely  compressed  anticlines  and  syn¬ 
clines  trending  northeast  and  southwest.  These  longitudinal  belts 
of  the  Paleozoics  are  separated  from  one  another  by  broad  inter¬ 
vening  areas  of  pre-Cambrian  sedimentary  and  igneous  rocks. 
The  anorthosite  and  associated  rocks  are  found  in  about  the  centre 
of  the  northern  area  of  pre-Cambrian  intrusives. 

The  anorthosite  mass  is  found  in  contact  with  quartz-monzonite 
except  where,  along  the  southern  margin,  a  fault  brings  up  the 
Cambric  quartizites  against  it.  The  anorthosite  may  be  readily 
distinguished  from  the  surrounding  rocks  because  of  its  grayish- 
blue  color  and  its  characteristic  weathering.  The  color  is  due  to 
the  development  of  a  secondary  mineral,  zoisite,  which  almost 
entirely  replaces  the  original  feldspathic  constituent.  The  weath¬ 
ering  is  spheroidal,  the  fields  being  strewn  with  large,  well-rounded, 
light  grayish-blue,  tough  boulders,  which  are  smooth-surfaced  ow¬ 
ing  to  the  uniformity  of  composition  of  the  rock.  The  dark-col¬ 
ord,  oxidized  surfaces  of  the  weathered  quartz-monzonite,  on 
the  other  hand,  are  rough  and  pitted,  and  the  rock  is  easily  crum- 
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bled  and  disintegrated,  owing  to  the  weathering  out  of  the  less 
resistant  mineral  constituents.  The  slopes  of  the  quartzite  ridge 
to  the  south  of  the  anorthosite  are  covered  with  buff-colored,  flat, 
prismoid  rock- fragments  which  are  easily  cleavable  into  thin  slabs 
with  shiny  surfaces  due  according  to  Bliss  and  Jonas,^^  to  “small 
flakes  of  glistening  sericite  developed  along  the  bedding  planes.” 
Gabbro  is  found  in  scattered  areas  over  the  Honeybrook  district; 
but  it  does  not  anywhere  occur  in  contact  with  the  anorthosite. 
Small,  narrow,  diabase  dikes  trending  northeast  and  southwest 
penetrate  the  anorthosite,  but  can  be  traced  only  for  short  dis¬ 
tances.  Pegmatite  dikes  intrude  the  anorthosite  near  the  southern 
.boundary. 

Honeybrook  anorthosite  is  a  remarkably  uniform  rock.  The 
type,  characteristic  of  the  whole  mass,  is  a  medium-  to  coarse¬ 
grained  rock  composed  exclusively  or  chiefly  of  labradorite  or  a 
closely  related  variety  of  feldspar,  which  is  altered  to  zoisite.  It 
is  this  alteration  product  which  gives  the  rock  its  characteristic 
light  bluish-gray  color.  Fresh  anorthosite  is  obtained  from  one  or 
two  localities  only,  and  it  is  in  these  localities  alone  that  the  feld¬ 
spars  are  clear  and  glassy,  and  easily  determinable.  Even  anor¬ 
thosite  which  is  freshly  blasted  from  the  ledge  is  found  to  be  quite 
as  thoroughly  zoisitised  as  the  weathered,  blue  boulders  so  char¬ 
acteristic  of  the  region  as  a  whole.  Four  quarries,  which  are 
opened  in  the  anorthosite  for  pegmatitic  or  other  intrusions,  furn¬ 
ished  no  less  zoisitized  material. 

The  only  variation  from  pure  anorthosite  is  found  close  to  the 
boundaries  of  the  area  where  the  rock  is  streaked  with  narrow, 
irregular  bands  of  mafic  constituents.  The  pure  anorthosite  and 
the  border-  facies  will  be  described  in  detail. 

'In  hand  specimens,  the  fresh  rock  is  medium  to  coarse-grained, 
pinkish  gray  in  color.  It  is  composed  almost  entirely  of  clear, 
mutually  interfering  crystals  of  feldspar  showing  bright  cleavage 
surfaces.  The  feldspars  for  the  most  part  are  of  uniform  size, 
not  exceeding  four  or  five  millimeters  in  diameter.  There  are, 
however,  a  few  exceptional  laths  measuring  over  two  centimeters 
in  length.  In  the  more  highly  altered  specimens  which  contain 
zoisitized  or  sericitized  areas  in  great  amount,  the  rock  becomes 
blue-gray  in  color,  and  the  feldspars  are  clouded.  Ferro-magne- 

33  U.  S.  Geol.  Surv.,  Atlas,  Coatesville  Folio,  p.  21,  1918. 
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sian  constituents  in  very  minute  quantity  are  found  in  a  few 
specimens  where  they  form  faint  narrow  bands.  Iron  oxide  stains 
are  sometimes  visible. 

In  thin  section  under  the  microscope  the  texture  of  the  rock  is 
seen  to  be  holocrystalline,  medium  to  coarse-grained,  inequigran- 
ular.  From  95  to  100  per  cent  of  the  rock  is  composed  of  feld¬ 
spar  which  is  for  the  most  part  labradorite.  The  only  other  pri¬ 
mary  constituents  are  the  accessory  minerals,  apatite  and  mag¬ 
netite,  both  of  which  occur  in  very  small  amounts  as  scattered 
grains,  and  occasionally  biotite.  The  following  minerals  occur  as 
secondary  products :  Zoisite,  sericite,  clinozoisite,  epidote,  green 
hornblende,  calcite,  and  leucoxene.  Usually  in  the  pure  type, 
zoisite  and  calcite  are  the  only  alteration  products.  Rarely,  ac- 
tinolite  and  epidote  occur  in  very  small  amount.  The  feldspars 
are  the  intermediate  plagioclases,  labradorite  and  andesine-labra- 
dorite,  the  former  always  predominating.  In  a  specimen  from 
Forrest,  of  which  chemical  analysis  was  made,  the  feldspar  so 
far  as  determinate  under  the  microscope  proved  to  be  andesine, 
but  many  of  the  feldspars  were  obscured  by  zoisitization.  The 
chemical  analysis  indicates  that  labradorite  predominates  over 
andesine.  The  feldspar  crystals  vary  greatly  in  size;  crystal 
boundaries  occur  rarely,  if  ever.  Zonal  growth  is  absent.  Albite 
twinning  alone,  or  combined  with  pericline,  or  Carlsbad  twinning, 
is  common.  Zoisite  and  sericite  form  minute  aggregates  along 
cleavage  cracks,  in  irregular  fractures,  or  within  the  feldspar 
crystals.  Occasionally  sericite  occurs  in  larger  flakes.  Zoisite 
shows  the  characteristic  indigo  blue  or  blue  gray,  between  crossed 
nicols.  The  colorless,  monoclinic  epidote,  clinozoisite,  has  slightly 
higher  double  refraction,  first  order  yellow  and  red.  Epidote, 
with  its  characteristic  pistachio-green  color,  is  undoubtedly  a 
decomposition  product  of  the  green  hornblende.  It  is  not  found 
disseminated  generally  through  the  rock  as  is  the  zoisite,  but  is 
confined  to  specific  areas  where,  in  association  with  actinolite, 
calcite,  zoisite,  and  magnetite,  it  forms  dense  aggregates.  The 
amphibole,  which  gives  an  extinction  of  17  degrees  with  pleochro- 
ism  greenish  yellow  to  yellowish  green,  is  actinolite.  Although 
there  is  no  indication  of  its  being  secondary  to  a  pyroxene,  the  fact 
that  diopside  is  found  abundantly  in  the  border  facies  suggests 
that  pyroxene  is  in  all  cases  the  original  constituent.  No  titanite 
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is  recognizable,  but  a  few  wedge-shaped  crystals  which  are  altered 
to  zoisite  probably  represent  this  mineral. 

The  results  of  a  chemical  analysis  of  a  specimen  near  Forrest 
are  given  below.  The  chemical  analysis  of  typical  Adirondack 
anorthosite,  from  Mt.  Marcy,  is  given  for  comparison. 


Honeybrook  Anorthosite  Adirondack  Anorthosite 

W.  T.  Schaller,  analyst,  A.  R.  Leeds,  analyst 


Si02 

52.86 

Quartz 

.54 

Si02 

54.47 

Quartz 

1.92 

AhOs 

26.68 

Orthoclase 

5.56 

AI2O3 

26.45 

Orthoclase 

5.56 

Fe203 

1.03 

Albite 

37.73 

FezOa 

1.30 

Albite 

37.20 

FeO 

.74 

Anorthite 

50.04 

FeO 

.67 

Anorthite 

49.76 

MgO 

.38 

Diopside 

1.94 

MgO 

.69 

Diopside 

3.06 

CaO 

10.93 

Hypers  thene 

.23 

CaO 

10.80 

Hypersthene 

.40 

Na20 

4.44 

Magnetite 

1.39 

NaaO 

4.37 

Magnetite 

1.86 

K2O 

.92 

Ilmenite 

.46 

K2O 

.92 

H2O 

.53 

H2O-I- 

1.49 

Apatite 

.67 

HaO-f 

.53 

H2O— 

.11 

H2O+ 

1.60 

100.29 

Ti02 

.25 

BaO 

.10 

100.20 

P2O3 

.33 

S 

— 

MnO 

.92 

MnO 

S 

.05 

■■  ■ 

BaO 

.03 

100.26 

CO2  trace 

ZrOs  trace 


100.26 

1  *5  ’"4  •  (4)  5  ‘grano-labradorose.  1  *5  *4  *  (4)  5  'grano-labradorose. 

The  Honeybrook  anorthosite  falls  into  Class  I,  order  5,  rang  4  (ap¬ 
proaching  rang  3)  and  subrang  5  (transitional  to  sub  rang  4)  of  the  quan¬ 
titative  system  of  classification,  and  as  its  mode  is  normative,  the  name 
becomes  grano-labradorose. 

The  Adirondack  anorthosite  falls  into  Class  I,  order  5,  rang  4,  and  sub¬ 
rang  5  (transitional  to  subrang  4).  The  name  becomes  grano-labradorose. 

The  border  facies  of  the  anorthosite *is  less  purely  a  feldspathic 
type  of  anorthosite.  It  is  medium-  to  coarse-grained,  light  gray 
in  color,  streaked  with  irregular  bands  of  mafic  constituents. 
Occasional  light  green  and  gray  areas  indicate  the  presence  of 
sericite  and  zoisite.  In  some  localities  the  rock  has  a  pseudo- 
porphyritic  texture  which  is  produced  by  the  wavy  arrangement 
of  the  dark  bands  about  what  appear  to  be  large,  single  feldspar 
crystals.  On  close  examination,  however,  the  light  areas  are 
found  to  be  composed  not  of  single  phenocrysts,  but  of  many  small 
interlocking  crystals  of  feldspar.  A  few  feldspar  crystals  meas¬ 
ure  from  one  to  almost  three  centimeters  on  their  longer  axis,  but 
the  average  size  of  both  the  light  and  dark  constituents  is  less 
than  half  a  centimeter. 
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Under  the  microscope  the  texture  is  subhedral,  and  inequigran- 
ular.  The  primary  constituents  are  andesine-labradorite  and  diop- 
side,  with  accessory  apatite,  magnetite,  biotite,  and  rarely  quartz. 
The  secondary  constituents  are  actinolite,  sericite,  epidote,  zoisite, 
chlorite,  and  leucoxene.  Garnets  are  present  but  are  compara¬ 
tively  rare.  Much  of  the  diopside  is  altered  to  actinolite,  chlorite, 
and  epidote.  Some  of  the  pyroxenes  show  beautiful  reaction 
rims  of  epidote.  The  proportions  of  the  constituents  are  feldspar 
90  to  75  per  cent,  mafic  minerals  10  to  25  per  cent. 

To  sum  up,  the  anorthosite  is  a  medium-  to  coarse-grained  feld- 
pathic  rock  composed  almost  entirely  of  interlocking  crystals  of 
labradorite.  The  crystals  vary  in  size  from  a  few  millimeters  to 
two  or  three  centimeters  across  their  greater  diameter.  Granula¬ 
tion  of  the  feldspars,  which  is  such  a  common  feature  of  the 
Morin  and  Adirondack  anorthosites,  is  not  found  in  these  rocks. 
The  Lake  Superior  anorthosite  is  reported  by  Winchell  to  be 
free  from  secondary  textures.  The  only  indications  of  strain 
subsequent  to  consolidation  of  the  Honeybrook  anorthosite  are 
the  universal  twinning,  and  the  occasional  distortion  or  bending 
of  the  plagioclase  crystals.  There  is  no  perceptible  difference  be¬ 
tween  the  grain  at  the  centre  of  the  area  and  that  at  the  borders. 
The  medium-  to  coarse-grained  character  persists  to  the  farther¬ 
most  limits  of  the  anorthosite  mass.  From  the  comparatively 
coarse-grained,  light  bluish-gray  hornblendic  anorthosite  along  the 
periphery  which  contains  andesine-labradorite  feldspars,  one  passes 
rather  abruptly  to  the  finer-grained,  dark-coloured  quartz  mon- 
zonite  with  its  indiscriminate  assemblage  of  dark  and  light  con¬ 
stituents  containing  feldspars  much  higher  in  potash  and  soda, 
and  also  containing  quartz. 

Except  along  the  south,  where  the  Cambric  quartzites  are  fault¬ 
ed  against  the  intrusives,  the  anorthosite  is  everywhere  surround¬ 
ed  by  quartz-monzonite.  The  quartzite  will  not  be  described, 
since  it  has  no  bearing  upon  the  origin  of  the  anorthosite.  Scat¬ 
tered  areas  of  gabbro,  and  a  few  small  dikes  of  metapyroxenite 
and  metaperidotite  are  found  in  the  Honeybrook  area,  but  not  in 
contact  with  the  anorthosite. 

Megascopically  the  quartz-monzonite  is  a  medium-  to  fine¬ 
grained,  rather  dark-gray  rock  composed  of  quartz,  feldspar, 

34  American  Geologist,  Vol.  XXVI,  p.  216,  1900. 
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pyroxene,  amphibole,  and  biotite.  The  rock  exhibits  in .  some 
places  a  distinctly  foliated  texture. 

In  thin  slices  the  texture  is  holocrystalline,  inequigranular.  The 
feldspars  are  orthoclase,  microperthite,  microcline,  albite,  oligo- 
clase,  and  andesine,  all  of  which  are  partially  altered  to  kaolin, 
sericite,  albite,  and  zoisite.  Quartz  is  present  in  variable  amounts. 
The  pyroxene  is  augite,  or,  less  commonly,  diopside;  it  may  be 
altered  to  hornblende,  chlorite,  or  epidote.  Biotite  occurs  spar¬ 
ingly,  and  is  often  entirely  absent.  Accessory  constituents  are 
apatite,  zircon,  ilmenite,  magnetite,  and,  more  rarely,  garnet,  py- 
rite  and  rutile.  The  percentages  of  the  mineral  constituents  vary 
within  wide  range.  The  average  proportions  are  approximately: 
quartz,  15  per  cent,  feldspar,  55  per  cent,  mafic  constituents,  30 
per  cent. 

Chemical  analysis  of  the  quartz-monzonite  is  given  below : 


Si02 

64.64 

Quartz 

8.70 

AhOa 

15.92 

Orthoclase 

36.14 

FesQa 

1.14 

Albite 

37.20 

FeO 

4.65 

Anorthite 

5.56 

MgO 

.23 

Diopside 

4.40 

CaO 

2.12 

Hypersthene 

5.15 

NasO 

4.38 

Magnetite 

1.62 

K2O 

6.06 

Ilmenite 

.76 

H2O— 

.04 

Pyrite 

.12 

H2O  + 

.43 

H2O+ 

.47 

Ti02 

.42 

MnO 

.03 

Zr02 

trace 

BaO 

.10 

P2O5 

trace 

S 

.06 

100.25 

MnO 

.03 

BaO 

.10 

100.22 

In  the  quantitative  system  of  classification  the  symbol  of  this  rock  be¬ 
comes  I  (II)  •  (4)5  •  (1)2:3;  and  its  name  grano-pulaskose. 

I 

In  every  theory  on  the  origin  of  the  anorthosite  certain  pre¬ 
vailing  characteristics  of  the  rock  must  be  taken  into  account. 
These  may  be  enumerated  briefly.  Anorthosite  occurs  charac- , 
teristically  as  a  deep-seated  rock  which  is  notably  coarse,  or 
coarse-  to  medium-grained.  Protoclastic  texture  and  granula¬ 
tion  are  common  phenomena.  The  rock  has  no  effusive  equivalent. 
Whether  or  not  it  has  intrusive  (dike)  equivalents  is  still  an  open 

35  Quartz-monzonite,  from  south  of  Ludwig  Corner,  near  Phoenixville,  Pa.,  R.  C. 
Wells,  analyst. 
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question.  Bowen  maintains  that  for  the  formation  of  small 
dikes  anorthosite  should  contain  15  to  20  per  cent  of  metasilicates, 
or  other  constituents  such  as  orthoclase  and  quartz.  Miller, 
however,  finds  that  in  the  Lake  Placid  region  of  the  Adirondack 
Mountains,  anorthosite,  much  poorer  in  metasilicates,  occurs  com¬ 
monly  in  the  overlying  Grenville  series.  Adams  does  not  record 
the  occurrence  of  anorthosite  in  the  form  of  small  dikes  in  any  of 
the  Canadian  areas.  It  would  doubtless  be  conceded  that  anor¬ 
thosite  containing  more  than  95  per  cent  feldspar  would  not  flow 
and  would  not  appear  as  dikes. 

Although  it  is  generally  believed  that  anorthosite  is  a  differ¬ 
entiate  of  gabbroic  magma,  few  petrologists  have  described  the 
process  by  which  this  differentiation  might  be  effected.  The 
formation  of  the  Lake  Superior  anorthosite  by  the  accumulation 
of  crystals  of  feldspar  was  suggested  in  1893,  by  Elftman.^®  In 
1900,  N.  H.  Winchell,^®  in  describing  the  same  region,  speaks  of 
the  feldspar  crystals  as  separating  from  the  gabbroic  magma  ac¬ 
cording  to  their  specific  gravity. 

Comparatively  recently  Bo  wen, making  a  study  of  the  rock  by 
means  of  experimental  work  with  artificial  melts,  especially  of  the 
ternary  system,  diopside-anorthite-albite,  compares  his  conclusions 
with  those  drawn  from  field  observation.  The  direct  application 
of  accurate  experimental  data  to  the  problems  of  petrogenesis 
involved  in  mono-mineralic  rocks  is  of  great  importance  and  in¬ 
terest.  Previous  to  Bowen’s  articles,  certain  peculiarities  of 
anorthosite  were  not  altogether  appreciated  or  perfectly  under¬ 
stood. 

Bowen’s  chief  contribution  to  the  problem  of  the  origin  of  an¬ 
orthosite  is  the  conclusion  that  anorthosite  as  such  cannot  exist 
in  the  liquid  phase.^^  Only  by  the  separation  and  sorting  of 
plagioclase  crystals  from  a  magma  which  is  probably  gabbroid, 
can  anorthosite  be  formed.  The  process  by  which  this  sorting 
occurs  may  be  stated  briefly  as  follows :  One  must  presuppose  a 
magmatic  chamber  of  sufficient  size  and  at  sufficient  depth  to 
allow  for  the  retention  of  heat  within  the  enclosed  magma  over 

36  Journal  Geology,  Vol.  XXV,  p.  242,  1917. 

37  Bull.  Geol.  Soc,  America,  Vol.  XXIX,  p.  426,  1918. 

38  Bull.  Geol.  Soc.  America,  Vol.  XXVIII,  p.  155,  19'17. 

39  Minn.  Geol.  and  Nat.  Hist.  Surv.,  22nd  Ann.  Rept.,  p,  178,  1894. 

40  Minn.  Geol.  and  Hist.  Surv.,  Final  Report,  Vol.  V,  pp.  66-67,  1900. 

41  Journal  Geology,  Vol.  XXV,  1917. 

42 /fnrf.,  p.  211. 
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a  long  period  of  time.  As  the  magma  approaches  the  crystalliza¬ 
tion  temperature,  the  mafic  minerals  are  the  first  to  separate  out. 
Almost  simultaneously  with  the  metasilicates,  calcic  plagioclase, 
of  composition  approximating  bytownite  (Ab^  Ang),  begins  to 
crystallize.  While  the  mafic  crystals,  because  of  their  high  speci¬ 
fic  gravity,  will  sink  almost  as  soon  as  formed,  the  calcic  plagio¬ 
clase  will  float  in  the  magma  because  its  density  more  nearly  ap¬ 
proaches  that  of  the  liquid.  Experiment  shows  that  Ab,  An  has 
a  density  of  2.733,  while  that  of  diabase-glass  at  room  tempera¬ 
ture  is  2.763.  Heat  will  cause  the  liquid  to  expand  more  than 
the  crystals,  the  difference  of  expansion  up  to  1200°  being  about 
2  per  cent.  This  nearly  neutralizes  the  above  relation.  The  pres¬ 
ence  of  volatile  constituents  in  natural  magmas,  as  opposed  to  dry 
melts,  tends  to  make  the  crystals  very  slightly  heavier  than  the 
liquid.  While  the  crystals  are  suspended  in  the  liquid  they  grad¬ 
ually  change  in  composition  from  Ab^  Aiig  toward  Ab^  An^.  The 
loss  of  the  metasilicates  has  produced  an  impoverished  residual 
liquid  which  is  increasingly  more  silicic,  and  in  which  the  content 
of  mineralizers  present  in  the  original  magma  becomes  more  and 
more  concentrated.  The  plagioclases  will  be  enriched  in  soda 
just  so  long  as  the  density  of  the  liquid  will  support  them.  After 
they  have  reached  the  composition  Ab^  An^  they  are  no  longer  in 
equilibrium  with  the  liquid ;  hence  they  will  sink  and  gradually 
form  a  closely  packed  mass  of  plagioclase  of  approximately  labra- 
doritic  composition.  The  lighter  residual  magma  which  is 
squeezed  out  is  enriched  in  albite,  orthoclase,  and  quartz,  and  upon 
crystallization  forms  further  silicic  differentiates,  or  solidifies  as 
one  rock  type,  according  to  whether  the  residual  magma  is  cooled 
slowly  or  rapidly.  Bowen  interprets  the  syenite  associated  with 
the  Adirondack  anorthosite  as  a  residual  differentiate  of  the  gab- 
broid  magma.  Any  later  differentiate  may  have  intrusive  rela¬ 
tions  in  respect  to  an  earlier  one.  Hence  the  intrusion  of  the 
syenite  into  the  anorthosite  is  not  inconsistent  with  this  theory. 

It  is  evident  that  if  anorthosite  is  formed  by  such  a  process  as 
this,  it  should  be  essentially  solid,  as  Bowen  maintains,  and  devoid 
of  interstitial  liquid.  We  should  therefore  expect  to  find  that 
any  movement  subsequent  to  the  settling  of  the  feldspar  crystals 

43  Bowen:  private  communication. 
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would  produce  protoclastic  texture  or  granulation.  This  may  be 
a  common  feature  in  anorthosite.^^ 

Bowen’s  hypothesis  meets  not  with  entire  favor  by  the  Adiron¬ 
dack  geologists.  As  before  stated,  the  anorthosite  of  the  north¬ 
ern  Adirondacks  is  intimately  associated  with  syenite,  which  Bowen 
wishes  to  interpret  as  a  salic,  and  therefore  later,  differentiate  of 
the  same  magma  from  which  the  anorthosite  and  underlying  py- 
roxenite  differentiated.  Cushing  admits  that  the  Bowen  hy¬ 
pothesis  is  the  most  probable  that  has  been  brought  forward.  He 
is  also  willing  to  concede  that  the  syenite  in  the  immediate  vicinity 
of  the  anorthosite  might  be  so  considered.  Miller,^®  on  the  other 
hand,  insists  that  the  anorthosite  is  older  than  the  syenite,  and  he 
oifers  proof  of  their  being  separated  by  a  gabbro  which  repre- 
"  sents  the  chilled  border  of  the  chamber  in  which  the  anorthosite 
was  formed.  The  anorthosite  is  regarded  as  formed  by  the  cry¬ 
stallization  of  the  upper,  or  residual,  portion  of  an  intruded  gab- 
broic  magma  from  which  many  of  the  mafic  constituents  have  set¬ 
tled  out.  The  anorthosite  as  such,  is  to  some  extent  actually 
molten.  Miller  considers  the  anorthosite  to  be  the  only  residual 
magma  after  the  metasilicates  sink  to  the  bottom  of  the  intrusive 
chamber.  After  approximately  90  per  cent  of  the  latter  collect 
at  the  bottom,  the  magma  above  is  a  'Tesidual”  anorthosite  which 
is  “to  a  very  considerable  degree  at  least,  actually  molten.” 

It  must,  however,  be  borne  in  mind  that  neither  artificial  melts 
nor  natural  systems  have  yet  proved  that  metasilicates  crystallize 
appreciably  earlier  than  plagioclase ;  as  before  stated,  their  periods 
of  crystallization  are  very  nearly  contemporaneous.  The  former, 
when  once  crystallized,  will  assuredly  outstrip  the  latter  in  rate 
of  sinking  because  of  their  greater  density.  Yet,  unless  it  is 
supposed  that  the  liquid  contains  something  more  than  potential 
plagioclase,  could  it  be  maintained  in  a  sufficiently  fluid  condition 
to  permit  the  mafic  crystals  to  sink  through  the  crystallizing  feld¬ 
spars?  Furthermore,  without  the  presence  of  mineralizers  to 
keep  the  liquid  buoyed  up  and  active,  could  the  calcic  plagioclase 
crystals  change  from  Ab^  Ang  to  Ab^  An^  without  developing 
zonal  growth?  In  accordance  with  the  general  law  of  increasing 
acidity  in  “residual  magmas,”  as  argued  by  Lane,^^  we  should 

44  Journal  Geology,  Vol.  XXV,  p.  218,  1917. 

45  Journal  Geology,  Vol.  XXV,  p.  501,  1917. 

46  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  p.  461,  1918. 

47  Journal  Geology,  Vol.  XXX,  p.  163,  1922. 
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expect  to  find,  if  not  a  felsic  differentiate  above  the  anorthosite, 
at  least  traces  of  a  residuum  either  as  interstitial  material  in  the 
anorthosite,  or  in  pegmatite  dikes,  intruding  the  chilled  border.  Mil¬ 
ler  makes  no  reference  to  pegmatites ;  and  while  it  is  admitted  that 
typical  anorthosite  is  by  no  means  a  pure  plagioclase  rock,  and  that 
sodic  and  potassic  feldspars  and  even  quartz  are  sometimes  found 
in  small  amounts,  the  chemical  analysis  of  typical  Adirondack  anor¬ 
thosite  indicates  the  presence  of  only  .92  per  cent  K^O,  and  there 
is  not  even  a  trace  of  the  volatile  constituents  common  to  nearly 
all  igneous  rocks. 

In  the  application  of  these  hypotheses  to  the  Honeybrook  an¬ 
orthosite,  the  criteria  which  characterize  Bowen’s  and  Miller’s 
hypotheses,  respectively,  may  be  given  in  outline. 

Bowen’s  theory  carries  with  it  the  following  criteria : 

1.  Anorthosite  should  be  a  coarse-grained  labradorite  rock  of 
very  nearly  monomineralic  composition  by  reason  of  its  being  a 
collection  of  plagioclase  crystals  which  have  accumulated  through 
gravitative  settling. 

2.  For  the  same  reasons  anorthosite  could  never  have  been 
molten  and  should  not,  therefore,  occur  as  dikes.  The  presence 
of  protoclastic  texture  or  granulation  should  be  common  to  all 
moved  anorthosites. 

3.  Anorthosite  should  be  associated  with  gabbro,  pyroxenite 
and  peridotite,  and  with  syenite  or  other  silicic  rocks.  • 

4.  The  silicic  differentiate  should  overlie  the  anorthosite;  it 
may  or  may  not  show  intrusive  relations  with  the  anorthosite; 
there  may  be  a  transition  facies  between  the  two  rocks. 

5.  The  gabbro,  which  represents  the  undifferentiated  parent 
masrma  should  form  a  chilled-border  facies  around  and  above  the 
differentiated  series. 

Miller’s  theory  is  based  on  the  following  criteria  in  the  Adiron¬ 
dack  anorthosite. 

1.  Anorthosite  is  a  coarse-grained  labradorite  rock  of  very 
nearly  mono-mineralic  composition  by  reason  of  its  being  the 
upper  differentiate  of  a  gabbroid  magma  from  which  the  metasili¬ 
cates  and  orthosilicates  have  separated  by  gravitative  settling. 

2.  A  gabbroic  chilled  border  surrounding  and  overlying  the 
anothosite  marks  the  limits  of  the  undifferentiated  intrusion. 

3.  Anorthosite  may  occur  as  dikes,  since  it  was  once  to  some 
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extent  molten.  Granulation,  which  is  a  common  feature  of  an¬ 
orthosites,  is  caused  by  movement  of  the  magma  just  prior  to  its 
solidification. 

4.  The  silicic  rock,  syenite,  which  partly  overlies  and  surrounds 
and  intrudes  the  anorthosite,  is  separated  from  the  latter  by  the 
gabbroic  facies.  It  therefore,  belongs  to  a  distinctly  later 
period  of  intrusion. 

The  Honeybrook  anorthosite  region  furnishes  the  following 
criteria : 

1.  The  anorthosite  is  a  coarse-grained,  extremely  pure,  mono- 
mineralic  rock  of  the  composition  of  labradorite. 

2.  There  is  a  conspicuous  absence  of  anorthosite  as  dikes  and 
outliers. 

3.  There  is  no  protoclastic  texture. 

4.  The  border  facies,  because  of  its  coarse  grain,  cannot  rep¬ 
resent  the  chilled  border  of  the  parent  magma. 

5.  There  is  no  intrusive  relation  between  the  anorthosite  and 
the  overlying  quartz-monzonite. 

To  sum  up  it  is  evident  that  the  criteria  of  the  Honeybrook 
anorthosite  lend  support  to  the  Bowen  hypothesis. 

The  Honeybrook  anorthosite  forms  a  relatively  flat,  slightly 
domed,  nearly  horizontal  mass  which  owes  its  origin  to  the  sort¬ 
ing  and  accumulation  of  plagioclase  crystals  of  the  composition 
of  labradorite  (Ab^  An^),  and  was  therefore  never  fluid  as  such. 
The  coarse-grained  border  facies  is  very  like  the  anorthosite  in 
composition,  rarely  more  silicic.  The  change  from  anorthosite  to 
the  overlying  quartz-monzonite  is  abrupt,  but  the  absence  of  in¬ 
trusive  relations  between  the  two  preclude  the  possibility  of  there 
being  an  appreciable  difference  in  time  between  their  periods  of 
consolidation.  The  finer  grain  of  the  quartz-monzonite  is  the 
result  of  the  crystallization  of  an  increasingly  chilled  residual 
magma.  The  anorthosite,  on  the  other  hand,  owes  its  relatively 
coarse-grain  to  the  fact  that  in  the  early  stages  of  crystallization 
when  mono-mineralic  rocks  are  produced,  there  is  opportunity 
for  the  constant  enlargement  of  the  growing  crystals.  A  few 
remnants  of  the  quartz-monzonite  found  on  high  land  in  the  entire 
of  the  anorthosite  area  suggest  that  erosion  has  exposed  only  a 
portion  of  the  anorthosite  mass,  all  of  which  was  once  overlain 
by  quartz-monzonite. 
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The  pre-Cambrian  igneous  complex  of  the  region  around 
Honeybrook  includes  pyroxenites,  peridotites,  gabbros,  quartz- 
gabbros,  anorthosites,  diorites,  quartz-monzonites,  and  granites, 
all  of  which  represent  a  series  of  differentiation  products  from  a 
single  great  magma.  Whether  this  complex  represents  batholithic 
or  laccolithic  intrusion  cannot  be  ascertained  from  the  structure 
of  the  pre-Cambrian  gneisses  and  schists  which  once  covered  the 
region. 

In  certain  centres  of  this  great  intrusive  chamber  conditions 
were  evidently  adapted  to  extreme  differentiation.  For  the  set¬ 
tling  out  of  crystals,  such  as  is  implied  in  the  formation  of  mono- 
mineralic  rocks,  it  is  necessary  to  assume  that,  locally  at  least,  a 
tongue  of  dioritic,  or  gabbroic,  magma  forced  a  passage  through 
consolidated  material  and  spread  sufficiently  both  laterally  and 
vertically  to  form  a  chamber  of  considerable  size  in  which  heat 
was  maintained  for  a  long  time.  In  this  centre  of  differentiation 
the  anorthosite  and  underlying  pyroxenite  settled  with  complete 
sorting,  and  the  squeezed-up,  residual  magma  solidified  into  quart- 
monzonite.  Whether  or  not  there  was  a  still  more  silicic  residue 
above  the  quartz -monzonite  cannot  now  be  determined,  for  much 
of  the  roof  of  the  chamber  was  long  ago,  even  before  Paleozoic 
time,  removed  by  erosion. 
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OROGENIC  CONSEQUENCE  OF  A  DIMINISHING 
RATE  OF  £\RTH’S  ROTATION  ^ 

By  Charles  Keyes 

Recent  curious  experiments  in  geotectonics  appear  to  indicate 
in  no  mistakable  terms  that  the  larger  relief  features  of  our  globe 
are  not  really  the  complex  dynamical  phenomena  which  they  are 
commonly  supposed  to  be,  but  that  genetically  all  are  merely  some¬ 
what  different  expressions  of  the  same  simple  tangential  stresses. 
To  this  horizontally  directed  power,  acting  steadily,  uniformly, 
eternally,  seem  ascribable  both  those  grander  surface  effects  such 
as  the  great  oceanic  depressions  and  the  continental  protuberances 
with  their  sharply  elevated  borders  and  their  low,  sea-level  inter¬ 
iors,  and  those  relief  features  of  the  second  order  which  arise 
from  orographic  wrinkling,  overthrust,  intrusion  of  magmatic 
lavas,  and  volcanic  activities. 

None  of  these  phenomena  now  suggest  that  they  are  necessarily 
a  direct  outcome  of  contraction  of  the  earth’s  nucleus;  for  most 
evidences  of  crustal  compression  due  to  actual  shrinkage  prove  to 
be  only  apparent  rather  than  real.  Vertical  up-floating  of  orogra¬ 
phic  prisms  of  the  earth’s  shell  are  perhaps  possible  and  even  prob¬ 
able,  but  not  in  a  strictly  isostatic  sense  in  which  they  are  fre¬ 
quently  regarded.  In  their  origin  all  of  the  phenomena  enumer¬ 
ated  point  to  their  being  a  direct  and  necessary  consequence  of 
strains  imposed  upon  an  unequally  rigid  crust  through  mass- 
movement  induced  by  secular  retardation  of  the  earth’s  revolution. 
As  such  they  are  capable  of  exact  numerical  evaluation,  and  are 
reducible  to  formal  mathematical  equation.  Their  graphic  ex¬ 
pression  is  the  straightening  and  shortening  of  the  curved  radius 
of  molar  repose.  In  any  rotating  body  the  shortening  of  this 

1  Paper  presented  in  outline  before  the  Geological  Society  of  America  at  the  Bal¬ 
timore  meeting. 
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curved  radius  of  no-strain  takes  place  not  because  the  spheroid  is 
becoming  smaller  through  nucular  shrinkage  but  for  reason  of  its 
approach  to  the  globe’s  normal  geometrical  radius. 

In  the  final  analysis  of  the  major  relief  features  of  our  globe 
the  hydrosphere  is,  for  simplicity’s  sake,  left  out  of  account.  The 
effect  then  is  as  if  the  entire  face  of  the  earth  were  a  land  area. 
A  condition  is  premised  analogous  to  that  of  our  waterless  moon. 
Genetically  the  seas  serve  only  to  obscure  the  tectonic  essentials 
of’ relief  expression.  As  Prof.  Eduard  Suess  astutely  observes 
the  secular  movements  of  land  elevation  are  without  significance 
in  the  determination  of  the  grander  forms  of  the  earth’s  surface. 
To  physical  causes  of  universal  character  must  such  land  forms 
be  assigned. 

Since  the  immediate  cause  of  the  great  earth  wrinkles  is  usually 
approached  from  the  astronomical  side  the  contractional  hypoth¬ 
esis  takes  form  on  the  assumption  of  a  cooling  globe.  It  is  prem¬ 
ised  that  the  earth  passes  through  much  the  same  process  as  does 
a  desiccating  apple.  For  a  period  of  nearly  three  centuries  this 
idea  largely  prevails.  Beginning  with  Descartes  and  ending  with 
Suess  the  contractional  hypothesis  finds  many  adherents.  Chal¬ 
lenges  are  few,  but  nevertheless  important.  They  serve  mainly 
to  show  that  the  hypothesis  really  has  to  be  examined  anew,  in  the 
light  of  the  more  modern  advances  in  geological  science.  Al¬ 
though  the  expansion  theory  of  Hutton,  the  theory  of  isostasy  of 
Dutton,  the  theory  of  extensive  crust-glide  of  Reyer,  and  the 
theory  of  local  crustal  upheaval  of  Rothpletz  cannot  be  expected 
completely  to  replace  the  contractional  theory  they  especially  serve 
to  call  attention  to  certain  of  its  short -comings.  There  are  still 
stronger  objections  than  these  to  the  contractional  theory  of  or¬ 
ographic  and  continental  genesis.  These  appear  as  the  direct  re¬ 
sults  of  practical  experiment  in  the  laboratory.  To  some  of  these 
attention  is  presently  directed. 

The  idea  of  regarding  the  major  relief  expression  of  the  earth 
as  an  immediate  derivative  of  a  shrinking  interior  due  to  secular 
cooling  of  a  once  molten  globe  appears  to  have  originated  long, 
long  ago  with  that  famous  old  French  philosopher,  Rene  Des¬ 
cartes  ^  who  flourished  in  the  early  half  of  the  Seventeenth  cen¬ 
tury.  Essentials  of  the  same  view  are  formally  accepted  by  other 


1  Principia  Philosophise,  1644. 
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leading  votaries  of  earth-study,  among  them  Cordier,-  De  la  Beche,^ 
Dana,^  Elie  de  Beaumont,®  Le  Conte,®  Heim,^  and  Suess.®  The 
last  mentioned  writer,  Suess,®  who  so  long  and  so  strenuously 
argues  for  the  recognition  of  the  contractional  theory,  proposes 
so  many  collateral  hypotheses  that  his  entire  theory  is  put  in 
jeopardy,  and  is  now  challenged  in  many  different  w’ays  by  many 
workers  throughout  the  world. 

Probably  the  strongest  argument  against  the  old  secular  refrig¬ 
eration  theory  is  that  furnished  by  the  recent  discovery  of  radium. 
By  it  not  only  are  many  of  our  most  cherished  notions  concerning 
the  constitution  of  the  earth  completely  revolutionized  but  that  of  a 
cooling  globe  passes  at  once  into  the  realm  of  fiction.  Indeed, 
Prof.  J.  Joly  even  goes  so  far  as  to  warn  us  that  if  the  central 
parts  of  the  globe  contain  anything  near  the  quantity  of  this  new 
element  found  near  the  surface  we  may  even  be  going  in  the  other 
direction;  and  instead  of  a  peaceful  cooling  there  may  be  catas¬ 
trophic  heating;  and  the  now  inconspicuous  little  body  known  as 
Our  Earth  may  sometime  become  famous  through  the  universe 
as  a  new  star. 

Concerning  the  shortening  of  the  earth’s  crust  we  may  be  there¬ 
fore  fully  justified  in  first  examining  seriously  every  other  ex¬ 
planation  of  orogeny  that  we  know  of  before  we  accept  that  of 
secular  refrigeration  and  a  shrinking  nucleus. 

That  there  is  apparently  a  certain  amount  of  contractional  force 
involved  in  the  upbuilding  of  mountains  and  that  it  is  mainly  a 
horizontally  directed  force  is  so  distinctly  an  American  conception 
that  it  really  merits  more  than  passing  notice.  The  hypothesis 
doubtless  owes  its  original  inception  to  the  brothers  W.  B.  and  H. 
D.  Rogers  as  a  result  of  their  wide  familiarity  with  the  Ap¬ 
palachian  mountains.  It  is,  however,  to  the  late  Prof.  J.  D. 
Dana  that  we  are  indebted  for  the  first  clear  statement  of  the 
theory.  Both  Dana  and  the  late  James  Hall  perceive,  as  a 
necessary  condition  of  mountain  upheaval,  a  thick  accumulation 

•  2  Mem.  Acad.  Sci.,  Paris,  T.  VII,  p.  473,  1827. 

3  Geol.  Recher.  in  Theoretical  Geol.,  1834. 

4  Am.  Jour.  Sci.,  (2),  Vol.  Ill,  1846. 

5  Les  Systemes  des  Montagnes,  three  vols.,  Paris,  1852. 

6  Am.  Jour.  Sci.,  (3),  Vol.  IV,  p.  480,  1872. 

7  Mech.  d.  Gebirgsbildung,  two  volumes,  Basel,  1878. 

8  Entstehungen  der  Alpen,  Vien,  1875. 

9  Das  Antlitz  der  Erde,  three  vols. 

10  Trans.  Assoc.  American  Geol.  and  Nat.,  p.  474,  1843. 

11  Am.  Jour.  Sci.,  (2),  Vol.  Ill,  p.  94,  1847. 

12  Pal.  New  York,  Vol.  Ill,  pp.  1-96,  1859. 
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of  sediments.  This  view  is,  indeed,  a  direct,  although  contra¬ 
dictory,  application  of  J.  F.  W.  Hershel’s  principle  which 
ascribes  weight  of  accumulating  sediments  as  the  chief  cause  of 
local  down-sinking  of  the  earth’s  crust. 

In  the  Appalachians  the  great  thickness  of  sediments  at  once 
lent  color  to  its  important  role  in  mountain-building  as  urged  by 
Hall.  Although  the  convolutions  of  these  mountains  were  man¬ 
ifestly  not  due  to  waves  which  once  traversed  the  liquid  interior 
of  the  earth,  as  the  Rogers  fancied,  they  were  of  such  a  nature 
that  it  was  possible  to  calculate  the  amount  of  lateral  compression 
involved  in  the  process.  In  emphasizing  the  importance  of  the 
action  of  a  horizontally  acting  force  in  orographic  genesis  all  other 
factors  were  lost  sight  of ;  and  the  possibility  of  the  phenomenon 
being  a  mere  shadow  of  the  real  cause  did  not  receive  consideration. 

So  attractive  has  proved  the  American  idea  of  Appalachian 
structure  that  it  has  been  the  subject  of  elaborate  and  repeated 
laboratory  reproduction.  Flexing  experiments  of  Reyer,^^  Ca- 
dell,^®  Willis,^®  Poulcke,^^  and  others,  that  have  been  so  widely 
applauded,  have  not  been  on  the  whole  so  really  expressive  of 
orographic  mechanics  as  they  have  been  fancied  to  be,  since  they 
have  proved  to  be  merely  examples  of  crushing,  or  pressure, 
phenomena  in  which  the  internal  mass  movement  has  been  made 
visible.  Although  the  necessary  inference  has  been  that  the  re¬ 
sults  represent  conditions  analogous  to  those  of  a  contracting  crust 
of  a  cooling  globe  several  of  the  most  essential  factors  have  been 
omitted;  since  the  shot  overburden  represents  nothing  more  than 
an  additional  layer  of  sediment  rather  than  a  force  affecting 
crumpling.  Then,  again,  there  has  been  coincidence  of  directions 
of  compression  and  greatest  resistence;  whereas  in  nature  the 
former  is  represented  by  the  chord  of  an  arc  represented  by  the 
latter.  Under  these  diverse  conditions  the  tectonic  effects  must 
be  fundamentally  distinct.  Of  course,  in  the  simple  compression 
trials,  no  such  thing  as  tectonic  effect  in  a  rotating  body  is  pos¬ 
sible.  Latest  experiments  in  tectonic  adjustment  take  into  ac¬ 
count  all  of  these  essential  and  initial  factors,  whereas  all  ques¬ 
tions  arising  out  of  assumed  secular  refrigeration  are  entirely 
eliminated. 

13  Proc.  Geol.  Soc.,  Pondon,  Vol.  II,  p.  548,  1837. 

14  Geol.  u.  Geol.  Exper.,  Haft  I. 

15  Trans.  Roy.  Soc.,  Edinburg,  Vol.  XXXVI,  p.  337,  1888. 

16  Thirteenth  Ann.  Kept.  U.  S.  Geol.  Surv.,  p.  241,  1894. 

17  Compte  Rendu  Cong.  Geol.  Inter.,  Xlle  Sess.,  Canada,  p.  835,  1914. 
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By  the  newer  experimentation  the  mechanical  principles  in¬ 
volved  are  capable  of  mathematical  expression;  which  is  not  pos¬ 
sible  with  the  older  performances. 

Ever  since  the  Swedish  naturalist  Hjarne  published  the  results 
of  the  first  direct  observations  on  the  relative  changes  of  sea-level 
on  the  shores  of  his  homeland,  more  than  200  years  ago,  the  os¬ 
cillations  of  the  strand-line  have  been  almost  universally  regarded 
as  conclusive  evidence  of  local  land  elevation  and  depression. 
The  concensus  of  opinion  has  been  that  the  Scandinavian  pen¬ 
insula,  is  actually  rising. 

The  recently  expressed  claim  that  the  location  of  old  shore-lines 
high  above  the  present  level  of  the  sea  indicates  not  a  real  but  only 
an  apparent  uprising  of  the  land  is  not  new.  Startling  as  this 
statement  seems  today  Suess  merely  falls  back  upon  that  very 
old  view  which  the  Swedish  astronomer  Andreas  Celsius  set  forth 
in  1743.  The  two  views  differ  only  in  detail.  The  earlier  writer 
regards  the  oceans  as  actually  diminishing  in  volume  at  a  rate  of 
about  half  an  inch  a  year;  while  the  later  exponent  considers  the 
waters  of  the  sea  as  retreating  into  the  deeper  depressions  of  the 
earth’s  crust  because  of  the  unequal  secular  contraction  of  the 
nucleus. 

Objections  urged  by  the  Scottish  mathematician,  John  Play¬ 
fair,  to  the  Celsius  hypothesis  hold  today  with  equal  force  against 
the  idea  of  Suess.  In  substance  it  is  that  if  such  a  general  dimin¬ 
ution  of  the  volume  of  the  ocean  were  to  take  place  there  would 
be  an  uniform  lowering  of  the  sea-level  throughout  the  world; 
but  such  apparently  is  not  the  fact.  As  yet  Suess  seems  unable 
to  meet  this  argument ;  and  his  failure  to  do  so  is  as  significant  as 
was  that  similar  failure  of  Celsius  more  than  a  century  before. 

Suess’  contention  is  manifestly  a  necessary  consequence  of  his 
contractional  hypothesis,  rather  than  a  direct  evaluation  of  critical 
observations.  The  arguments  which  he  brings  up  in  support  are 
by  no  means  so  convincing  as  they  should  be.  The  consensus  of 
opinion  among  geologists  appears  to  be  that  elevation  and  depres¬ 
sion  of  the  land  does  actually  take  place;  and  the  latest  theory, 
that  of  isostasy,  argues  solely  for  vertical  movement  with  an  as¬ 
sumption  that  the  areas  now  above  sea-level  are  land  tracts 
simply  because,  being  lighter  prisms  of  the  earth’s  crust,  they  are 
floated. 
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Reasoning  from  the  analogy  of  a  desiccating  apple  it  is  an  easy 
step  to  orographic  wrinkling  as  a  direct  resultant  of  nuclear 
shrinkage.  It  is  some  such  structural  perspective  of  the  Appala¬ 
chians  that  gave  the  Rogers  Brothers  the  corner-stone  of  their 
theory  that  orographic  force  exerted  itself  horizontally;  and  that 
therefore  the  strain  is  tangential  instead  of  radial. 

With  the  establishment  of  this  principle  of  tangentially  acting 
force  in  the  formation  of  mountain  chains  crustal  shortening 
seems  to  become  a  necessary  corollary.  The  American  explana¬ 
tion  soon  becomes  widely  accepted.  When,  in  Pennsylvania,  the 
Rogers  calculated  that  in  the  folding  of  the  Appalachians  the  crust 
was  diminished  by  50  miles,  and  when,  in  like  manner  in  the  Alps, 
Heim  estimated  that  the  plication  reduced  the  breadth  of  that  part 
'  of  the  earth  by  a  distance  of  74  miles,  Suess  later  felt  perfectly 
secure  in  arguing  for  the  general  recognition  of  the  contractional 
theory. 

Although  the  contractional  theory,  as  apparently  expressed  by 
the  phenomena  attending  crustal  plication,  may  not  be  success¬ 
fully  contested  by  cubical  expansion  facts,  by  the  fancied  proper¬ 
ties  of  the  floating  prism,  by  regional  crust-slipping,  or  by  local 
crust-upheaval,  the  recent  experimental  results  on  the  tectonic  ad¬ 
justment  of  a  rotating,  straticulate  spheroid  seem  to  demonstrate 
its  inadequacy,  and  the  necessity  of  seeking  some  different  explan¬ 
ation.  If  there  be  other  ways  of  bringing  the  results  about  the 
contractional  theory  of  course  goes  for  naught.  It  is  now  known 
that  apparent  crustal  shortening  of  great  extent  may  take  place 
without  regard  to  interior  shrinkage. 

In  its  logical  consequence  the  contractional  theory  finds  curious 
expression  in  such  figments  of  the  imagination  as  the  reseau  pen¬ 
tagonal  of  Elie  de  Beaumont,  and  the  tetrahedral  globe  of  Lothian 
Green.  To  be  sure  the  form  known  as  the  tetrahedron  is  of  all 
the  geometrical  solids  the  one  form  which  possesses  the  least  vol¬ 
ume  incompassed  by  a  given  surface  area,  whereas  the  sphere 
contains  the  greatest  bulk  within  the  same  surface,  yet  the  collapse 
of  the  latter  is  not  necessarily  any  such  crystallographic  shape  as 
that  indicated  by  the  former. 

It  is  shown  lately  that  in  a  collapsing  spheroid  the  initial  ten¬ 
dency  towards  a  faceted  form  would  probably  not  be  directly  any 
such  limiting  shape  as  a  four-sided  solid,  but  some  intermediate 
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figure,  perhaps  one  having  twelve,  or  twenty-four,  faces.  That 
the  rhombic  dodecahedron  is  probably  the  real  form,  if  there  be 
any,  although  having  in  nature  curved  faces,  seems  to  be  borne 
out  by  the  disposition  of  the  principal  mountain  ranges  of  the 
world,  and  by  the  situation  of  the  main  volcanic  centers  at  the 
sharp  solid  angles  or  the  points  where  each  set  of  three  faces 
intersect. 

Collapsing  effects  in  ordinary  solids  give  clue  as  to  what  to  ex¬ 
pect  in  nature.  Considering  for  the  moment  only  cases  of  two 
dimensions,  crowded  circles,  or  cylinders,  as  in  the  honey-comb, 
pass  over  to  six-sided  figures.  Contraction  of  cooling  lava-sheets 
break  the  mass  up  into  hexagons,  of  which  the  Giant’s  Causeway, 
or  Fingal’s  Cave,  in  Ireland,  are  only  famous  examples.  Wheth¬ 
er  the  stress  comes  from  within  or  without  the  pressure-figure  is 
the  same.  Taking  up  the  problem  in  three  dimensions  the  crowd¬ 
ing  of  balls  produces  a  twelve-sided  form,  or  the  rhombic  dode¬ 
cahedron  ;  a  collapsing  spheroid  would  necessarily  have  a  tendency 
to  approach  a  similar  form. 

Recent  laboratory  experiments  on  the  faceted  form  of  a  collaps¬ 
ing  spheroid  invariably  give  rhombic  faces.^®  These  tests  are 
made  with  heavy  roll-paper  such  as  modern  newspapers  use.  The 
amount  of  collapse  is  measured  by  the  diurnal  variation  in  the 
humidity  of  the  air.  On  wet  days  the  paper  swells ;  on  dry  days 
it  contracts,  leaving  a  surface  of  singularly  large  and  perfect 
rhombohedrons.  By  use  of  materials  not  so  tough  relatively,  or 
by  the  selection  of  some  brittle  substance,  it  is  probable  that  rup¬ 
ture  would  take  place  along  the  edges  of  the  facets.  In  all  prac¬ 
tical  respects  the  chief  lines  of  mountain  upheaval  on  the  earth 
are  exactly  located  in  miniature. 

The  primal  shortcoming  which  the  contractional  hypothesis  pre¬ 
sents  is  the  restriction  of  such  expression  as  crustal  shortening 
to  geologic  processes  which  are  at  best  now  recognized  as  moot 
forces.  In  the  300  years  that  have  elapsed  since  Rene  Descartes 
set  forth  his  fancies,  conceptions  of  world  forces  have  materially 
shifted  position  and  the  point  of  view  of  the  earth  student  has 
changed.  Logically  the  old  reasoning  is  from  analogy  rather  than 
from  cause  to  effect,  or  from  process  to  product.  In  the  begin¬ 
ning,  when  gravity  was  the  only  apparent  force  upon  which  spec- 

18  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  p.  76,  1918. 
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ulation  could  be  fixed,  such  reference  is  not  so  strange.  Although 
they  do  not  necessarily  supplant  it  the  divers  later  or  alternative 
explanations  of  orographic  genesis  at  least  emphasize  the  frailty 
of  the  once  sole  theme. 

With  the  recent  establishment  of  new  view-angles  of  the  prop¬ 
erties  of  matter,  our  old  notion  concerning  the  condition  of  the 
interior  of  the  earth  instead  of  remaining  settled  for  all  time  un¬ 
dergoes  complete  transformation.  The  contractional  hypothesis 
not  only  looks  askance  for  substantiation;  but  its  very  antithesis 
perhaps  finds  today  stronger  support.  In  view  of  these  condi¬ 
tions  the  contractional  hypothesis  may  be  advantageously  and 
critically  examined  anew  before  it  is  finally  accepted  with  the 
complacency  that  it  at  one  time  enjoyed.  Alone  Joly’s  startling 
suggestion  shakes  to  its  nethermost  foundations  the  notion  of  a 
collapsing  earth. 

In  its  ultimate  analysis  the  cubical  expansion  idea  of  orogeny 
appears  to  be  only  a  special  or  local  phase  of  the  broader  astron¬ 
omical  conception  of  a  cooling  globe.  Its  basic  proposition  calls 
for  exceptionally  heavy  deposition,  the  excessive  weight  of  which 
depresses  the  earth’s  crust  locally,  or  regionally,  into  the  hotter 
interior.  The  process  is  necessarily  one  of  such  extreme  slowness 
that  it  is  difficult  to  understand  how  depression  and  upward  ex¬ 
pansion  can  go  on  contemporaneously.  It  must  be  premised  that 
the  sedimentation  is  completed  before  any  notable  rise  in  tem¬ 
perature  takes  place  which  is  probably  seldom  or  never  the  case. 

As  it  is  advocated  by  T.  Mellard  Reade,  its  most  recent  support¬ 
er,  the  rock-expansion  hypothesis  is  really  only  an  amplification  of 
the  old  Huttonian  idea  advanced  a  century  before,  that  continental 
upheaval  is  due  to  the  localized  effects  of  subterranean  heat. 
Hutton,  followed  by  Babbage,  Lyell  and  Dana,  considered  the 
expansion  only  in  vertical  or  linear  direction;  whereas  Reade 
treats  it  in  three  dimensions. 

Following  some  of  the  American  geologists  Reade  presumes,  as 
a  necessary  condition  of  local  rock-expansion  and  mountain  up¬ 
rising,  an  unusual  development  of  the  clastic  column.  More¬ 
over  the  process  is  regarded  as  possible  only  in  areas  of  excep¬ 
tionally  thick  sedimentation.  Although  mountain-building  and 
excessive  sedimentation  should  therefore  appear  occurring  to¬ 
gether  they  find  curious  coincidence  only  in  few  places,  as,  for 
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example,  in  the  Appalachians  where  the  American  geologists 
'  mainly  worked.  The  two  phenomena  are  not  necessarily  inti¬ 
mately  dependent.  Neither  is  the  coincidence  so  genetically  com¬ 
plete  as  Hall  and  Dana  believed.  There  is,  indeed,  now  simpler 
explanation  of  Appalachian  tectonics.  It  has  the  great  advantage 
of  not  being  open  to  the  many  basic  objections  raised  against  the 
Reade  idea.  ^ 

The  Reade  modification  of  the  Huttonian  conception  of  moun¬ 
tain-building  on  account  of  regional  rock-expansion  through  heat¬ 
ing  is  not  nearly  so  revolutionary,  nor  so  notably  different  in  its 
effects  from  other  conceptions,  as  might  at  first  blush  appear. 
Theoretically,  of  course,  the  force  of  expansion  acts  in  all  direc¬ 
tions,  just  as  Reade  so  ably  argues,  but  because  of  the  fact  of 
tremendous  resistance  in  all  directions,  except  upwards  or  out¬ 
wards,  actual  and  appreciable  movement  is  in  the  latter  direction 
mainly,  if  not  solely.  So  there  is  really,  in  the  finality  of  the 
case,  little  to  choose  between  in  the  three-dimension  hypothesis, 
as  formulated  by  Reade,  and  the  earlier  linear  idea,  as  discussed 
by  Hutton,  Babbage,  Lyell  and  Dana. 

Anticipating  somewhat  certain  fatal  shortcomings  of  the  expan¬ 
sion  hypothesis  both  Hall  and  Dana,  by  seeking  refuge  in  the  as¬ 
sumption  that  mountains  are  formed  only  where  there  are  exces¬ 
sive  accumulations  of  sediments,  raise  the  question  whether  ex¬ 
pansive  effects  do  not  have  severe  limitations.  By  this  position 
these  authors  seemed  especially  well  fortified  so  far  as  the  up¬ 
heavals  with  which  they  were  most  familiar  were  concerned. 
Reade,  recognizing  the  force  of  the  argument,  also  sets  out  from 
the  same  starting  point.  Although  the  association  does  not  ap¬ 
pear  to  hold  good  in  many  other  areas  it  may  prove  universal  in 
its  application,  but  if  so  it  is  for  other  reasons  than  those  generally 
advanced. 

On  the  whole,  Reade’s  three-dimension  hypothesis  complicates 
rather  than  explains  the  situation.  Areas  of  noteworthy  sedi¬ 
mentation  are  more  or  less  basinal  in  form;  they  are  circular  in 
outline.  Accordingly,  three-dimension  expansion  should  produce 
great  dome-shaped  elevations.  There  should  be  no  long  narrow 
plications  such  as  characterize  the  large  majority  of  mountain 
districts.  The  term  mountain  range  itself  implies  linear  develop¬ 
ment.  Mountain  extension  in  one  direction  is  usually  many  times 
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that  of  the  other.  In  direct  opposition  stands  isostasy  which 
premises  mountain-forming  where  the  thickest  sections  of  rock 
have  been  removed. 

Although  rock-expansion  through  rise  in  thermal  increment 
appears  not  to  be  an  initial  factor  in  orographic  genesis  it  prob¬ 
ably  has  an  appreciable,  and  perhaps  determining,  effect  upon  the 
locus  of  volcanic  activity,  mainly  through  supplying  that  extrusive 
force  which  is  oftenest  ascribed  to  hydrostatic  pressure.  To  what 
extent  it  directly  contributes  to  the  extravisation  of  lavas  is  not 
yet  very  clear.  No  doubt  there  are  a  number  of  distinct  physi¬ 
cal  forces  at  work.  Operating  separately  they  give  expression  to 
quite  different  phenomena.  Acting  in  conjunction  they  result  in 
vulcanism. 

Regional  rock-expansion  would,  to  be  sure,  locally  intensify 
rock-compression  and  would  express  itself  in  a  way  akin  to  hy¬ 
drostatic  pressure.  For  the  latter  is  often  mistaken,  in  all  like¬ 
lihood,  for  this  very  phenomenon.  But  rock-expansion  of  the 
sort  that  Reade  argues  for  seems  much  too  slow  in  its  action  to  be 
of  any  material  assistance  as  furnishing  the  chief  pressure  for  the 
outwelling  of  lavas.  Local  stresses  due  to  orographic  folding, 
whatever  may  be  the  source,  appear  to  have  far  greater  mechanical 
efficiency,  and  are,  moreover,  not  only  commensurate  with  the 
intensity  of  the  extravasation,  but  the  two  keep  pace  with  each 
other. 

Perhaps  if  we  neglect  the  factor  of  rock-expansion  altogether 
in  problems  of  tectonics  the  ultimate  valuations  of  the  several 
forces  wdll  not  be  appreciably  affected. 

The  sharp,  unfamiliar  profiles  of  the  desert  ranges,  as  they  ap¬ 
pear  to  the  traveler  fresh  from  pluvial  climes,  wherein  many  of 
them  seem  to  have  been  bodily  upraised  through  profound  fault¬ 
ing  and  displacement  in  such  a  manner  that  the  tumbled  moun¬ 
tain  blocks  have  been  aptly  likened  to  floating  ice-cakes  in  a  river 
gives  rise  to  impression  that  orographic  movement  is  mainly  ver¬ 
tical  rather  than  horizontal  in  character.  As  such  it  seems  to 
stand  as  a  type  by  itself.  In  this  particular  this  hypothesis  of 
mountain-building  is  so  diametrically  opposed  to  the  contractional 
theory  that  it  serves  as  a  direct  challenge  to  the  latter’s  verity. 

In  its  main  features  Dutton’s  theory  of  isostasy  is,  as  Palache 
observes,  an  hypothesis  of  conservation  of  equilibrium  in  the 
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earth’s  external  form  which  has  come  into  prominence  mainly 
through  the  labors  of  that  illustrious  group  of  American  geologists 
to  whom  the  science  is  so  deeply  indebted  for  certain  broad  views 
and  far-sighted  generalizations  which  in  spirit  and  expression 
recall  the  wide  regions  and  clear  atmosphere  in  which  the  authors 
worked. 

Prior  to,  and  during,  the  surveys  of  the  Fortieth  Parallel, 
Clarence  King,^®  his  colleagues,  and  others,  guided  mainly  by  the 
then  recent  conclusions  regarding  the  origin  of  the  Appalachians, 
were  inclined  to  find  for  the  mountain  ranges  of  the  Great  Basin 
an  analogous  explanation.  When,  then,  G.  K.  Gilbert  sud¬ 
denly  and  dogmatically  advanced  his  opinion  that  these  desert 
ranges  were  not  of  the  folded  type  of  orogeny,  but  were  formed 
through  simple  normal  faulting  on  a  gigantic  scale,  intense  and 
world-wide  interest  was  instantly  aroused  in  them.  Surrounded 
as  were  the  mountain  bases  by  long  smooth  slopes  extending  out¬ 
ward  in  all  directions  until  they  merged  into  the  central  flats  of 
the  intermontane  plains  the  inference  was  that  these  slopes  were 
composed  of  the  debris  washed  down  from  the  neighboring  high¬ 
lands,  and  that  the  general  plains  area  was  a  normal,  construc¬ 
tional  feature  of  vast  proportions.  In  many  instances  these  so- 
called  wash-aprons  extended  up  the  mountain  sides  until  the 
rugged,  bare  rocks  seemed  to  be  all  but  completely  buried. 

It  was  then  a  short  stride  to  that  most  brilliant  of  tectonic  con¬ 
ceptions  —  that  the  desert  mountain-blocks  were  floating  and 
tumbling  about  upon  the  liquid  interior  of  the  earth,  and  that  the 
movements  did  not  cease  until  the  blocks  attained  a  state  of  float¬ 
ing  equilibrium.^^  Accordingly,  the  Great  Basin  mountains  were 
conceived  to  be  still  rising  as  the  unloading  of  their  summits  took 
place  through  erosion. 

Later,  the  mountain  profile  proved  not  to  be  the  result  of  geo¬ 
logic  structure ;  the  major  tectonics  was  found  to  be  very  ancient ; 
the  so-called  scarp-face  bordering  the  piedmont  resolved  itself 
into  a  wind-cut  shelf,  girdling  the  mountains  in  the  same  way  that 
a  sea-cliff  marks  an  exposed  coast;  the  vast  debris-apron,  appar¬ 
ently  burying  the  mountains  up  to  their  shoulders,  was  discovered 
to  be  often  a  sloping  rock-floor  rendered  excessively  smooth  by  the 

19  U.  S.  Geol.  Surv.  Fortieth  Par.,  Vcl.  I,  p.  715,  1878. 

20  Geog.  and  Geol.  Surv.  W.  lOO  Merid.,  Kept.  Prog,  for  1872,  p.  48. 

21  Bull.  Philosophical  Soc.,  Washington,  Vol.  XI,  p.  52,  1889. 
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ever  drifting  desert  sands  and  to  be  only  thinly  covered  by  soil. 
Instead  of  desert  ranges  rising  higher  and  higher  as  their  loads 
are  lightened  it  was  demonstrated  that  their  summit  depletion  is 
inappreciable;  and  that  they  grew  taller  because  the  surrounding 
general  plains-surface  underwent  rapid  lowering.  Under  the 
stimulus  of  aridity  regional  lowering  and  down-cutting  appeared 
to  go  on  without  regard  to  the  sea,  and,  provided  the  waters  of 
the  latter  are  kept  out,  excavation  seemed  capable  of  proceeding 
indefinitely. 

When  the  theory  of  isostasy  was  first  advanced  the  conception 
of  a  geographic  cycle  for  all  land-forms  had  not  yet  been  develop¬ 
ed,  a  distinct  desert  geology  was  not  yet  known,  and  the  tran¬ 
scendent  effects  of  the  wind,  when  under  the  stimulus  of  aridity, 
was  undreamed.  Many,  if  not  the  majority,  of  desert  relief 
phenomena  which  were  thought  to  find  satisfactory  explanation 
in  isostasy  were  later  found  to  fall  completely  under  other  influ¬ 
ences.  In  the  end  isostasy  presented  the  paradox  of  the  more  the 
mountain  tops  were  worn  off  the  higher  they  floated. 

In  all  descriptions  of  the  Great  Basin  ranges  it  seems  utterly 
impossible  to  divorce  the  consideration  of  the  mountain  sculpture 
from  that  of  the  orographic  structure.  The  two  are  always  treat¬ 
ed  as  if  they  were  identical,  or  as  if  they  were  at  least  dependent 
upon  each  other.  That  the  one  is  not  in  any  way  the  genetic  out¬ 
growth  of  the  other  is  conclusively  shown  by  recent  critical  obser¬ 
vations  having  this  point  particularly  in  view.  Dr.  J.  E.  Spurr 
astutely  observes  cencerning  the  Nevada  ranges  that  no  one  has 
ever  seen  the  fault-lines  which  are  assumed  so  universally  to 
bound  the  desert  mountain-blocks.  In  this  statement  he  touches 
on  the  crux  of  the  whole  problem  of  the  origin  of  the  Basin  ranges. 

When  the  impression  was  first  gained  that  the  desert  ranges 
were  simply  tilted  fault-blocks  critically  supporting  evidence  was 
strangely  wanting.  Finally,  when  the  testimony  was  especially 
sought  it  was  found  that  profile  and  structure  held  no  direct  rela¬ 
tionships  to  each  other.  Among  the  Great  Basin  mountains  this 
independence  of  profile  and  structure  proved  to  be  particularly 
notable.^^  These  relationships  were  unusually  well  displayed  in 
such  ranges  as  the  Humboldt,  White  Pine,  Funeral,  Vegas,  Spring 
Mountain,  Grant,  and  Hot  Creek  mountains. 

22  Bull.  Geol.  Soc.  America,  Vol.  XXI,  p.  55(>,  1910. 
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The  recent  conclusions  concerning  the  facial  expression  of  the 
Great  Basin  region  are  that  the  folded  structures  belong  chiefly 
to  an  ancient  system  of  tectonics,  probably  mainly  early  Mesozoic 
in  date;  the  major  faulting  is  also  chiefly  old,  its  relief  effects 
being  long  since  completely  mastered  by  desert  erosion.  It  seems 
to  have  small  direct  connection  with  the  rearing  of  the  present 
ranges.  The  entire  flexed  and  faulted  region  appears  to  have 
been  smoothed  off  to  the  condition  of  a  peneplain  before  it  was 
upraised  and  presented  to  the  sculpturing  agencies  through  which 
the  existing  mountains  took  form.  The  tectonics  of  the  region, 
therefore,  have  merely  an  unimportant,  or  accidental,  role,  rather 
than  a  direct  genetic  influence  in  the  shaping  and  production  of 
the  Desert  ranges. 

Since  recently  the  commonly  ascribed  fault-origin  of  the  Great 
Basin  ranges  has  been  so  sharply  challenged  special  attention  is 
directed  to  the  review  of  many  of  the  published  details  and  to  a 
search  for  data  of  a  critical  character.  There  now  seems  to  be 
discernible  not  only  in  the  Great  Basin,  but  throughout  the  arid 
region,  two  distinct  and  general  sets  of  geologic  structures.^^  .  In 
point  of  time  these  periods  of  diastrophism  are  widely  separated 
from  each  other.  The  older  of  the  two  appears  to  have  been 
pressed  mainly  in  Jurassic  times ;  the  younger  during  Late  Tertic 
times.  Neither,  therefore,  seems  to  contribute  materially  to  the 
shaping  of  the  existing  mountains.  The  latter  appear  to  owe  their 
existence  not  so  much  to  the  general  flexing,  or  to  the  late  pro¬ 
found  faulting  as  they  do  to  the  differential  effects  of  true  desert 
leveling  in  which  the  resistant  rock-belts  retain  longest  the  higher 
elevations. 

The  fact  that  the  majority  of  the  major  faults  bounding  the 
orographic  blocks  are  not  recent  manifestly  militates  strongly 
against  the  idea  of  their  being  expressions  of  isostatic  conditions. 
Another  important  consideration  tending  to  invalidate  the  Dut- 
tonian  isostasy  hypothesis  is  the  discovery  that  the  basal  truncation 
of  the  transverse  ridges  of  desert  mountains  is  not  a  fault-scarp, 
but  simply  the  direct  result  of  desert  sand-blast  action.  In  New 
Mexico  evidence  of  the  existence  of  faults  bounding  orographic 
blocks  are  strangely  wanting.  When  located  at  all  they  are  sit¬ 
uated  miles  out  on  the  plains,  far  beyond  the  base  of  the  moun- 

23  Bull.  Geol.  Soc.  America,  Vol.  XXI,  p.  547,  1910. 
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tains.^^  This  corresponds  closely  with  the  observation  of  the  late 
W  J  McGee,  in  the  Sierra  Madre,  of  the  Sonoran  region,  of  Old 
Mexico. Thus  does  Gilbert’s  interpretation  of  the  Basin  ranges 
fail  at  every  step  to  support  the  theory  of  isostasy. 

The  original  impressions  of  King,  and  other  members  of  the 
Fortieth  Parallel  Survey,  concerning  the  genesis  and  structure  of 
the  Great  Basin  ranges  may  not  be  after  all  so  remote  from  fact 
as  later  writers  would  have  us  believe.  Leaving  out  of  consider¬ 
ation  present  configuration  of  these  mountains  the  strictly  tectonic 
features  display  some  curious  anomalies.  Because  of  the  fact 
that  these  mountains  are  widely  believed  to  be  buried  in  their  own 
debris  much  is  left  to  surmise  concerning  the  alleged  under¬ 
ground  structure.  Direct  corroboration  of  theoretical  conclusions 
is  not  supported  so  strongly  as  it  might  be  by  observation. 

It  is  a  singular  circumstance  that  when  so  much  had  to  be  left 
to  inference  that  the  possibility  of  extensive  thrust-movement  in¬ 
stead  of  normal  displacement  never  suggested  itself.  If  ever  there 
were  a  situation  where  thrust-faulting  should  leave  impress  upon 
the  local  topography  that  place  is  certainly  the  arid  region.  At 
this  day  almost  any  side-view  of  desert  ranges  gives  first  impres¬ 
sion  of  tilting  and  enormous  overriding  of  mountain-blocks.  Far¬ 
ther  north  in  Montana  and  Alberta  thrust  movements  are  clearly 
in  evidence.  Such  phenomena  as  those  displayed  at  Lombard  and 
Crow’s  ‘Nest  seem  to  furnish  worth-while  clues  to  the  possible 
wider  application  of  this  type  of  crustal  movement  and  disturb¬ 
ance. 

It  is  probable  that  the  main  reason  why  normal  faulting  came 
be  stressed  is  that  it  happened  to  suggest  itself  first,  and  then  the 
idea  of  isostatic  adjustment  which  followed  precluded  all  other 
working  hypotheses.  However,  such  facts  as  the  occurrence  of 
fault-lines  which  often  bound  the  mountain-blocks  miles  away 
from  the  piedmont,  the  absence  of  ore-bodies  along  the  supposed 
lines  of  displacement  at  the  foot  of  the  mountains,  the  usual  mis¬ 
interpretation  of  the  origin  of  the  truncated  cross-ridges  of  the 
desert  ranges,  the  well-known  girdling  of  desert  mountains  by 
natural  sand-blast  action,  all  tend  to  show  that  the  older  tectonics 
of  the  Great  Basin  ranges  have  to  be  critically  examined  again  in 

24  Bull.  Geol.  Soc.  America,  Vol.  XXI,  p.  562,  1910. 

25  Ibid.,  Vol.  VIII,  p.  90,  1897. 
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the  light  of  thrust-fault  activities  before  the  isostatic  explanation 
can  be  properly  considered  or  fully  accepted. 

Many  of  the  physiographic  features  of  Great  Basin  deserts, 
where  the  isostatic  hypothesis  had  its  birth,  are  now  known  not  to 
be  the  effects  of  profound  faulting  at  all,  but  to  be  typical  develop¬ 
ments  of  wind-scour.  As  in  moist  lands,  under  the  influence  of 
the  rains  and  ordinary  stream  corrosion,  weak  rock-belts  are  re¬ 
moved  faster  than  the  resistant  rock-masses,  and  the  latter  are  thus 
left  standing  in  bold  relief.  Under  dry-climate  conditions  the 
resistant  rocks  are  the  mountain-rocks  to  a  more  notable  extent 
than  in  moist  climes. 

In  order  to  measure  quantitatively  the  grander  work  of  the 
winds,  as  a  geologic  process,  to  compare  its  relative  efficiency 
with  that  of  other  erosional  agencies,  and  to  view  it  where  it  is 
most  energetically  active,  we  have  to  turn  from  our  moist  climate 
homes  to  regions  of  excessive  dryness.  Typical  of  such  lands  is 
the  Great  Basin. 

Since  all  arid  lands  do  not  display  the  differential  effects  of 
eolic  erosion  equally  well  the  local  substructure  becomes  a  prime 
factor  in  the  determination  of  the  relief  expression.  In  a  tract 
like  the  South  African  plateau,  where  the  rocks  are  homogeneous 
and  unfolded,  relief  contrasts  produced  by  wind-action  are  not 
usually  very  well  marked.  On  the  other  hand,  in  a  region  of 
close-patterned  orogeny,  such  as  the  Great  Basin,  the  elevated 
country  of  Southwestern  United  States,  and  the  Mexican  table¬ 
land,  the  larger  effects  of  the  wind  in  re-forming  the  facial  ex¬ 
pression  of  the  earth  are  most  striking,  and  there  wind- work  is  at 
its  best.  It  is  these  very  features  which  were  once  thought  to  be 
peculiarly  the  effects  of  isostatic  movement. 

The  attractive  feature  of  the  Gilbertian  explanation  of  Basin 
Range  structure  is  that  it  furnishes  the  basis  of  that  brilliant  con¬ 
ception  which  Dutton  dominated  Isostatic  Compensation.  As, 
however,  the  hypothesis  is  tested  critically  the  loading  and  un¬ 
loading  of  contiguous  areas,  or  regional  depression  and  uprising, 
appear  not  to  be  strictly  compensatory. 

It  was  with  Gilbert’s  fault-block  idea  in  mind  that  I  approached,^ 
a  decade  and  a  half  ago,  the  desert  mountains  of  New  Mexico 
and  the  Mexican  tableland.^®  Keen  curiosity  was  aroused  to  ex- 

26  American  Geologist,  Vol.  XXXIII,  p.  19,  1904, 
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amine  in  detail  the  characteristics  of  the  fault-lines  bounding  the 
orographic  blocks.  When  repeated  and  diligent  search  failed  to 
disclose  the  presence  of  a  single  fault-plane  even  along  the  line  of 
the  so-called  fault-scarp  at  the  base  of  the  mountain  ridges  it  was 
still  long  before  it  was  suspected  that  the  hypothesis  itself  might 
advantageously  bear  scrutiny.  Finally  a  fault-boundary  of  a 
mountain-block  was  accidentally  discovered  far  away  from  the 
line  where  plain  meets  mountain  so  sharply  as  the  strand-line  of  the 
ocean.  This  fault  was  more  than  five  miles  from  the  mountain 
base  —  out  on  the  smooth,  flat  plains.  With  this  clue  I  examined 
anew  many  of  the  Desert  ranges  and  established  beyond  perad- 
venture  the  independence  of  the  fault-lines  and  the  lines  of  the 
so-called  fault-scarps.  Furthermore,  it  was  discovered  that  the 
distance  from  the  crest  of  the  range  to  the  major  fault-line  out  on 
the  plains  was  about  the  same  as  from  the  crest  to  the  base  of  the 
back-slope.  The  ranges  were  therefore  bilaterally  symmetrical. 
They  would  hardly  be  so  if  the  mountains  had  been  recently 
reared  and  tilted  fault-blocks.  These  mountains  were  surely  not 
the  immediate  product  of  recent  tilting. 

Incongruous  relations  between  neighboring  districts  which  are 
being  loaded  and  unloaded  appear  especially  well  displayed  in 
California.  There  Dr.  F.  L.  Ransome  shows  that  the  Great 
Valley  is  floored  with  recent  sediments  having  a  thickness  of  2,000 
feet,  that  are  mainly  derived  from  the  adjoining  mountains.  On 
the  one  hand,  the  Coast  Ranges  are  demonstrated  to  have  been 
upraised  before  the  formation  of  the  valley  and  are  consequently 
independent  of  its  loading  and  subsidence.  On  the  other  hand,  the 
Sierra  Nevada  proves  to  have  begun  its  elevation  about  the  same 
time,  or  shortly  after  the  Coast  Ranges.  In  the  broad  trough  be¬ 
tween  were  then  deposited  the  great  thickness  of  shallow- water 
sediments. 

Criticism  of  W  J  McGee’s  argument  for  isostatic  equilibrium 
in  the  Gulf  of  Mexico  also  brings  out  facts  that  are  not  com¬ 
patible  with  the  assumption  of  pari  passu  local  sinking  under  load. 

Closely  analyzed,  isostasy  is  found  to  be  essentially  an  hypothesis 
of  mere  adjustment  instead  of  initial  movement. 

The  well-known  fact  in  geophysics  that  with  reference  to 

27  Bull.  Geol.  Soc.  America,  Vol.  XXI,  p.  560,  1910. 

28  Bull.  Geol.  Dept.,  Univ.  California,  Vol.  I,  p.  371,  1896. 

29  Am.  Jour.  Sci.,  (3),  Vol.  XlyIV,  p.  177,  1892. 
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strains  of  deformation  the  action  of  the  earth  as  a  whole  is  as  a 
body  having  the  rigidity  of  steel  finds  qualification  in  the  circum¬ 
stance  that  the  translocation  of  matter  within  is  mainly  analogous 
to  that  taking  place  in  a  highly  viscous  liquid.  With  the  excep¬ 
tion  of  the  thin,  outer,  so-called  crust  all  internal  change  of  mass- 
position  is  necessarily  by  normal  flow-movement.  Only  in  the 
exterior  film  where  the  load  pressure  is  less  than  that  of  the 
crushing  strength  of  rock,  and  where  rocks  of  different  strengths 
alternate,  do  folding  without  rupture,  and  faulting  without  flexure, 
take  place.  It  is  the  finely  straticulate  character  of  this  surficial 
zone  that  enables  deformative  effects  to  be  quantitatively  meas¬ 
ured.  To  this  layered  cuticle  are,  of  course,  the  chief  investiga¬ 
tions  of  earth-students  severely  limited. 

In  their  larger  relations  the  differences  in  tectonic  behavior  of 
rock-terranes  under  orographic  stress  in  the  zones  of  rock-fracture 
and  rock-flow  remain  as  yet  to  be  carefully  analyzed.  Near  the 
earth’s  surface,  in  all  situations  where  the  superincumbent  load  is 
less  than  the  crushing  strength  of  the  rock  composing  a  given 
prism,  plication  appears  to  be  not  always  accomplished  by  true 
bending  of  the  rock-plates,  but  to  be  effected  mainly  by  their  cross¬ 
rupture  and  a  readjustment  of  the  separate  fragments  along 
angles  new  and  slightly  different  from  one  another.  This  phase 
of  compressive  phenomena  seems  to  find  best  exemplification  in 
such  mountain  chains  as  the  Appalachians.  In  others  it  seems 
to  be  wholly  absent. 

To  this  feature  in  a  large  way,  as  displayed  by  the  so-called 
Basin  Range,  or  Block-mountain,  structure,  and  the  corrugated 
type  of  the  Appalachians  I  have  recently  called  attention  as  a 
possible  explanation  of  certain  fundamental  differences  in  Amer¬ 
ican  geotectonics.  On  the  one  hand,  the  general  presence  of  hard- 
brittle  formations  throughout  the  great  Paleozoic  section  seems 
satisfactorily  to  account  for  the  crustal  adjustment  by  means  of 
faulting.  On  the  other  hand,  the  reverse  lithologic  conditions 
appear  to  offer  a  clue  to  the  real  reason  for  compressive  expres¬ 
sion  through  means  of  notable  folding  of  strata. 

Experimentally,  this  difference  is  clearly  foreshadowed  by  A. 
Fabre,^®  when,  in  attempting  to  reproduce  the  compressive  condi¬ 
tions  of  the  Alps,  he  places  layers  of  clay  on  a  stretched  band 

30  Nature,  Vol.  XIV,  p.  104,  1878. 
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of  rubber,  the  release  of  the  latter  not  only  swells  the  lower  layers 
of  the  clay,  but  contorts,  folds  and  fractures  the  upper  and  harder 
layers. 

Bathymetrically,  the  horizon  at  which,  under  stress,  rock-masses 
cease  to  break  and  begin  to  undergo  molar  transformation,  is  not  a 
definite  theoretical  depth  as  usually  inferred  —  a  distance  from 
the  surface  where  the  strongest  rocks  commence  to  be  crushed,  or 
a  level  five  to  six  kilometers  down.  The  controlling  factor  of 
rock-flow  appears  to  be  not  so  much  any  absolute  load  of  super¬ 
incumbent  materials,  as  it  is  the  lithological,  or  textural,  nature 
of  a  given  rock  prism.  Although  the  crushing  strength  of  the 
toughest  granite  is  a  column  ten  kilometers,  or  so,  in  height,  per¬ 
fect  slipping  of  component  particles  over  one  another,  which  in  all 
essential  respects  is  true  rock-flow,  occurs  in  such  formations  as 
shales  within  a  few  hundreds  of  meters  of  the  earth’s  surface. 

As  is  well  known,  the  property  by  which  clays  or  shales  slip  with 
greater  ease  in  some  directions  than  in  others  is  due  primarily  to 
the  micaceous,  or  lamellar,  character  of  some  of  the  components. 
Whether  the  shale  beds  be  thick  or  thin  the  superior  proneness  t6 
glide  in  a  direction  parallel  to  the  original  bedding  planes  persists. 
This  ready  movement  in  shales  is  essentially  identical  with  the 
“flow”  of  crystalline  rocks  at  great  depths  and  under  great  pres¬ 
sures.  It  is  strictly  intermolar  motion.  It  takes  place  not  alone 
in  thick  beds  of  shale  but  in  thin  partings  between  brittle  forma¬ 
tions.  It  is  apparent  in  the  thinnest  films  separating  limestones 
and  sandstone  beds.  The  evidences  of  intermolar  movement  are 
particularly  noticeable  in  sections  in  which  there  are  great  succes¬ 
sions  of  thin  limestones  and  shales.  The  coal  measures  of  Kansas, 
Iowa  and  Maryland  afford  illuminating  examples. 

The  distinction  usually  drawn  between  the  zones  of  rock-flow 
and  rock-fracture  appears,  therefore,  to  be  fanciful  rather  than 
real.  There  is  a  relative  rather  than  an  absolute  difference.  The 
time  element  is  more  important  than  either  load-factor  or  molar 
constancy.  True  deformation,  or  bending,  of  slabs  composed  of 
the  most  brittle,  crystalline  and  rigid  of  rocks  takes  place  at  the 
surface  of  the  earth  with  no  load  whatever  and  with  the  only 
stress  imposed  by  their  own  weight.  Thin  grave-slabs  of  marble 
supported  at  the  ends  are  known  to  sag  several  inches  in  the 
middle  in  the  course  of  a  few  years.  In  examples  of  this  kind 
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there  must  be  molar  movement  strictly  analogous  to  rock-flow  in 
the  depths.  It  follows  that  hard  limestone  bands  intercalated  in 
thick  shale  beds  in  such  situations  as  in  the  Appalachians,  are 
capable  of  pronounced  and  continuous  bending  without  rupture 
and  readjustment  of  parts. 

Whether,  then,  there  be  rock-flow  or  rock- fracture  in  a  given 
crustal  prism  depends  primarily  upon  the  specific  character  of  the 
stress  imposed,  and  secondarily  upon  the  localization  of  the  strain 
effects  and  the  cohesion  of  the  rock-mass.  In  the  majority  of 
cases  the  time-element  is  sufficiently  protracted  to  allow  of  molar 
movement  without  mass  rupture. 

As  commonly  used,  the  term  diastrophism  designates  any  upris¬ 
ing  or  down-sinking  of  the  earth’s  crust,  as  if  such  passive  move¬ 
ment  were  in  itself  an  initial  force  instead  of  mere  tectonic  adjust¬ 
ment.  It  is,  perhaps,  not  always  possible  to  resolve  readily  such 
crustal  movement  into  its  component  forces,  or  to  reduce  it  to  its 
prime  factors  of  gravitation,  tangential  tension,  and  hydrostatic 
pressure.  The  movement  is  usually  measured  by  the  relative  posi¬ 
tion  of  the  sea-level  and  is  made  primarily  a  function  of  a  con¬ 
tracting  nucleus. 

Determination  whether  a  given  diastrophic  movement  is  oro- 
genic  or  epeirogenic  in  character  is  necessarily  vague.  Shaler 
expresses  the  belief  that  continents  represent  contractions  of  the 
whole  earth’s  crust,  whereas  mountain  systems  are  to  be  consid¬ 
ered  merely  as  foldings  of  the  more  superficial  layers  of  the  litho¬ 
sphere.  With  this  opinion  Suess  readily  agrees.  This  view  is 
almost  a  necessary  consequence  of  the  contractional  hypothesis, 
rather  than  a  deduction  from  observation.  It  is,  however,  doubt¬ 
ful  whether  the  distinction  is  a  logical  one,  even  according  to  the 
contractional  principle.  Experimentally  the  same  release  of  tan¬ 
gential  stress  gives  rise  to  both  continental  arches  and  orographic 
foldings.  So  that  the  same  general  influences  account  for  both. 
Continental,  regional  and  local  corrugations  thus  appear  to  be  the 
immediate  accommodation  of  the  greater  telluric  strains. 

In  its  larger  tectonic  aspects  diastrophism  becomes  a  negligible 
quantity.  It  thus  mainly  has  to  do  not  with  tectonics  but  with  strat¬ 
igraphy.  In  the  latter  role  its  real  function  is  principally  taxo¬ 
nomic.  As  such  it  becomes  the  foundation  of  terranal  classifica¬ 
tion  and  nothing  more. 
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As  a  counteractant  of  the  centrifugal  effects  of  rotation  the 
force  of  gravitation,  of  course,  serves  to  aid  in  the  adjustment 
of  all  those  minor  and  local  crustal  stresses  which  are  a  necessary 
consequence  of  the  release  of  tangential  tension.  Curiously 
enough,  normal  faulting  appears  to  be  most  frequent  where  we 
should  least  expect  it.  It  seems,  paradoxically,  to  be  common 
where  the  manifestations  of  tangential  compression  are  most  ef¬ 
fective  and  impressive.  Often  it  is  found  in  broad  plains-tracts 
where  orographic  disturbances  are  least  in  evidence. 

On  the  hypothesis  of  isostatic  compensation  gravity-faulting 
should  be  the  predominant  form  of  crustal  adjustment.  That  it  is 
not  such  is  one  of  the  strongest  arguments  yet  urged  against  the 
universal  applicability  of  the  hypothesis.  The  Great  Basin  ranges 
are  generally  assumed  to  be  par  excellence  examples  of  profound 
gravity-faulting.  Since  it  is  demonstrated  that  existing  profiles 
are  not  the  result  of  recent  displacement  genetic  dependence  can 
no  longer  be  considered.  That  even  the  ancient  faulting,  such  of 
it  as  is  actually  observed,  may  not  be  of  the  gravity  type  but  of  the 
thrust  order  seems  never  to  have  been  surmised.  Its  critical  ex¬ 
amination,  with  this  possible  aspect  in  mind,  commands  the  most 
thoughtful  attention. 

The  prevalency  of  normal  faulting  in  folded  regions  seems  also 
to  suggest  that  the  phenomenon  is  really  a  direct  result  of  the 
failure  of  orographic  compression  to  sustain  itself  fully.  Al¬ 
though  a  structure  widely  observed  and  easily  explained  on  the 
hypothesis  of  a  contracting  nucleus  its  peculiar  orographic  relation¬ 
ships  associate  it  with  crustal  adjustment  that  is  really  not  in  any 
measure  dependent  upon  nuclear  shrinkage. 

In  the  usual  consideration  of  orographic  compressive  effects, 
both  experimentally  in  the  laboratory  and  observationally  in  the 
field,  the  treatment  is  that  of  simple  lateral  pressure  such  as  is 
initiated  in  arriving  at  the  crushing  strength  of  rock.  In  a  curved 
shell  a  large  part  of  the  crushing  potentiality  is  converted  into 
direct  shearing  action.  The  crushing  stress  is  then  concentrated 
along  a  plane  instead  of  being  diffused  throughout  the  whole  mass. 

Development  of  the  shear  in  a  crushing  spherical  shell  necessarily 
proceeds  from  the  inner  concave  face  obliquely  towards  the  outer 
convex  surface.  The  line  of  direction  of  the  localized  stress,  or 
rupture,  beginning  as  a  tangent  on  the  concave  face  cuts  the  outer 
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circumference  at  a  considerable  angle.  Although  the  effect  is  not 
yet  demonstrated  directly  by  experiment,  it  is  probable  that  the 
shear-plane  is  a  truly  warped  surface,  deflecting  under  gravity  con¬ 
trol  more  and  more  outwardly  and  radially  as  the  face  of  the 
spheroid  is  approached. 

The  geological  application  of  these  principles  appears  to  find 
abundant  exemplification.  The  position  and  frequency  of  thrust 
lines  in  the  older  rocks  suggest  that  the  fact  is  perhaps  due  mainly 
to  the  once  deep-seated  character  of  these  terranes.  If,  as  already 
surmised,  some  of  the  major  faults  displayed  by  the  Great  Basin 
structures  are  in  reality  shear  ruptures  instead  of  gravity  faults 
our  conceptions  of  the  ancient  Basin  Range  tectonics  undergo 
complete  change. 

A  rotating  spheroid  of  moderate  rigidity  does  not,  as  is  readily 
understood,  have  its  geometric  radius  coincident  with  its  radial 
line  of  molar  equilibrium,  or  radius  of  repose  from  stress.  The 
first  is  a  straight  line.  In  marked  contrast  the  second  is  a  section 
of  a  parabolic  curve  the  focal  coefficient  of  which  varies  with  the 
rate  of  revolution.  Both  the  path  of  this  equilibria!  curve  and  the 
variant  values  of  the  stress  produced  by  given  rates  of  revolution 
are  capable  of  exact  mathematical  expression.  The  resulting 
equation  is  easily  made  general. 

For  obvious  reasons  the  miniature  spheroid  of  the  laboratory 
acts  as  a  perfectly  homeogeneous  body.  The  nearest  approach 
to  nature  is  a  hollow  rubber  ball,  filled  with  viscous  fluid,  or  soft 
wax.  Applying  by  analogy  these  conditions  to  the  earth  the 
problem  at  once  loses  much  of  its  simplicity.  Various  complica¬ 
tions  set  in.  The  so-called  zones  of  rock-flow  and  rock-fracture 
have  to  be  treated  separately.  Behavior  of  the  two  zones  is  neces¬ 
sarily  very  different.  The  former  acts  as  a  homeogeneous  body 
under  hydrostatic  pressure.  The  latter  partakes  of  the  character¬ 
istics  of  a  heterogeneous  mass.  Cummulative  stress  is  relieved 
through  flexure,  rupture,  or  shearing.  This  gives  rise  to  all  those 
tectonic  phenomena  which  are  commonly  accounted  for  on  the 
hypothesis  of  a  shrinking  nucleus.  Tangential  compression  is  thus 
initiated  without  recourse  to  the  assumption  of  a  cooling  globe. 

As  one  of  the  less  familiar  types  of  crustal  displacement  the 
thrust-fault  is  not  subject  to  the  same  critical  analysis  that  the 
simple  gravity-fault  enjoys.  So  long  as  the  reversed  fault  is  look- 
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ed  upon  merely  as  a  structural  feature  its  larger  relations,  as  a 
tectonic  feature,  are  mainly  either  completely  ignored  or  misinter¬ 
preted.  That  this  acquired  geologic  structure  is  really  something 
more  than  an  abnormal  phenomenon  is  only  beginning  to  be  appre¬ 
ciated.  A  product  wholly  independent  of  gravity  strains  it  is  in 
its  ultimate  analysis  the  direct  release  of  orogenic  tension.  It  is 
not  merely  a  fortuitous  accompaniment  of  secular  shrinking  of 
the  earth’s  interior. 

Although,  as  a  structural  feature,  the  thrust-fault  is  a  theme  of 
wide  study  its  relatively  infrequent  occurrence  makes  it  a  rather 
unfamiliar  phenomenon.  Compared  with  the  normal  fault,  it  is 
a  giant  affair.  The  general  tendency  to  consider  the  two  types 
together  reverses  their  relative  and  real  importance.  It  tends  to 
magnify  the  small  one  and  dwarf  the  large  one.  Beyond  the  ob¬ 
servation  that  the  hade  of  the  reversed  fault  possesses  a  large 
angle  while  that  of  the  normal  gravity-fault  has  small  value,  and 
that  as  their  names  signify,  direction  of  movement  in  the  two  is 
directly  opposite,  the  broader  tectonic  aspects  avail  little. 

Thus  the  larger  aspects  of  thrust-faulting  appear  to  be  seriously 
neglected.  That  thrust-faults  occur  more  frequently  in  the  hard 
brittle  formations  than  elsewhere,  that  they  are,  perhaps,  mainly 
confined  to  the  very  old  rocks,  rather  than  to  the  younger  ter- 
ranes,  that  they  become  more  prominent,  more  important,  and 
more  numerous  in  the  bottom  of  the  earth’s  crust  than  near  the 
top,  and  that  under  ordinary  circumstances  they  rarely  reach  sky 
except  through  chance  exposure  by  profound  erosion,  are  gener¬ 
alizations  of  great  significance,  albeit  that  they  attract  small  notice 
and  are  little  associated  genetically. 

On  the  basis  of  direct  telluric  effect  rather  than  of  local  struc¬ 
tural  consequence  inductive  analysis  of  thrust-phenomena  in  the 
earth’s  crust  points  at  once  to  the  advisability  of  more  than  simple 
orographic  treatment.  Recent  geotectonic  experimentation  gives 
clue  to  the  probable  succession  of  events  in  nature,  and  elucidate 
many  of  the  various  peculiarities  of  thrust-faulting  heretofore  per¬ 
fectly  inexplicable. 

If  it  be  premised  for  the  earth’s  crust,  or  zone  of  rock-fracture, 
a  straticulate  structure  of  heterogeneous  composition,  stresses  of 
unequal  moment  are  set  up  by  normal  rotation.  The  entire  prism 
down  to  the  zone  of  rock-flow  cannot  act  therefore  as  a  unit. 
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Each  particular  terrane  in  the  vertical  section  possesses  a  stress- 
value  of  its  own,  which  differs  from  every  other  one.  Unequal 
crushing  strength  of  the  various  layers,  their  different  lenticular 
shapes,  and  their  especial  juxtaposition,  soon  produce  complica¬ 
tions.  The  release  of  compressive  strain  is  not  always  at  the 
same  slow  and  secularly  uniform  rate.  Stress  is  locally  cumula¬ 
tive;  and  release  of  it  so  often  relatively  sudden  as  to  produce 
rupture  in  the  rock-mass.  Thus  far  the  thrust  appears  to  be  also 
explainable  on  the  theory  of  contraction  due  to  a  cooling  globe. 
Found  so  inadequate  in  other  respects  the  contractional  hypothesis 
falls  short  in  its  application  to  horizontal  rupturing  of  rock-masses. 

Viewing  thrust-faulting  as  something  more  than  local  orographic 
effect  it  finds  most  satisfactory  explanation  in  the  larger  telluric 
movements.  By  evaluating  it  in  terms  of  cummulative  stress  on  a 
prism  of  heterogeneous  composition  the  necessary  release  com¬ 
ponent  is  found  in  the  rate  of  retardation  of  the  earth’s  rotation. 
Geometrically  it  is  expressed  in  the  differential  values  of  the 
earth’s  geometrical  radius  and  its  variant  radius  of  molar  repose. 

The  straticulate  structures  and  the  deformative  conditions  in 
nature  are  capable  of  very  close,  if  not  exact,  reproduction  in  the 
arts.  Modern  newspaper  rolls  as  they  leave  the  mills  display 
some  especially  instructive  tectonic  potentialities.  Compared  with 
the  enormously  thick  Appalachian  section  of  alternating  limestones 
and  shales  the  paper  web  itself  is  analogous  to  the  rigid  layers 
and  the  films  between  to  the  shale  partings.  The  chief  distinction 
between  the  phenomenon  in  nature  and  in  the  arts  is  that  the  paper 
is  relatively  tremendously  tough,  and  hence  cannot  readily  respond 
to  rupture  strains  as  do  the  rock  layers.  Without  this  relief  the 
entire  stress  is  converted  into  producing  corrugated  structures. 
The  roll-paper  is  not  tightly  wound;  but  the  winding  process  is 
done  under  a  certain  measurable  tension  which  is  retained  to  a 
very  marked  degree  long  after  the  roll  is  released  from  the 
mandril.  This  actual,  or  potential,  stress  is  perhaps  never  entirely 
relieved  until  the  roll  is  finally  used  on  the  printing  press. 

Contrary  to  all  expectation  the  unwinding  of  the  paper-roll  on 
the  press,  or  its  slower  revolution  in  its  wrapper  on  a  spindle, 
does  not  uniformly  relieve  the  original  stresses.  Because  of  slight 
local  differences  in  the  texture  of  the  paper,  unevenness  in  the 
thickness  of  the  sheet,  in  the  direction  of  revolution,  or  in  the  dry- 
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ing  out  of  the  originally  moist  condition,  the  layers  of  paper  local¬ 
ly  buckle.  Ordinarily  this  yielding  would  take  place  outwardly, 
but  the  strong  firmly  glued  wrapper  prevents  relief  in  that  direc¬ 
tion.  The  net  result  is  that  there  is  a  notable  flexing  inward,  a 
folding  so  sharp  at  times  that  if  the  paper  were  not  so  tough,  but 
brittle  instead,  rupture,  or  to  use  the  strictly  geological  term,  typi¬ 
cal  faulting  would  insue. 

By  the  use  of  layered  materials  not  so  tough  as  paper  character¬ 
istic  faulting  phenomena  no  doubt  would  also  develop.  Were 
the  straticulate  shell  of  the  roll,  or  spheroid,  so  constructed  as  to 
provide  a  texture  and  arrangement  of  the  component  layers  more 
nearly  corresponding  to  the  conditions  found  in  nature  ac¬ 
quired  orographic  structures  would  unquestionably  result  as  per¬ 
fect  as  any  displayed  anywhere  in  the  world.  This  is  readily  ac¬ 
complished  by  a  little  prior  calculation  of  relative  rigidity  and 
viscosity  values  of  the  materials  used,  and  by  the  exercise  in  the 
experiments  of  a  little  ingenuity  in  the  selection  and  arrangement 
of  the  layered  masses.  Under  these  circumstances  one  would 
expect  structural  replicas  of  all  of  the  great  earth-wrinkles.  How¬ 
ever,  the  chief  interest  in  the  recent  experimental  results  lies  in 
other  directions. 

The  physiognomy  of  the  continents,  with  their  mountainous 
borders  and  broad  sea-level  interiors,  as  so  strongly  emphasized  by 
Dana,  as  an  essential  continental  characteristic,  finds  curious  re¬ 
production  in  experiment.  The  fact  that  this  plait  of  the  first 
order  is  not  an  occasional  production  but  an  almost  invariable 
result  is  highly  significant.  It  points  to  the  feature  as  being  a 
necessary  consequence  of  stress  release.  By  analogy  a  similarity 
of  genesis  in  terrestrial  structures  is  inferred. 

That  the  formation  of  the  continental  plait  is  capable  of  exact 
reproduction  in  the  laboratory  is  a  fact  quite  extraordinary  (figure 
4.).  Even  more  remarkable  is  the  diagrammatic  idealism  which 
the  experiments  portray,  presenting  vertical  exaggeration  not  to 
be  found  in  nature.  Fondest  expectations  in  the  laboratory  would 
hardly  hope  for  such  an  exact  counterpart  of  the  North  American 
continent,  bordered  on  either  margin  by  lofty  ridges. 

Not  less  noteworthy  than  the  reproduction  of  the  typical  con¬ 
tinental  plait  is  the  frequent  and  simultaneous  development  in  the 
paper-roll  of  three  compound  plaits  unequally  spaced  around  the 
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circumference.  On  the  globe  these  folds  correspond  closely  in 
location  to  the  positions  of  the  continents.  The  fact  that  only 
three  plaits  should  develop  in  numerous  instances  and  that  they 
should  be  unequally  separated  appears  both  in  experiment  and  in 


Figure  4.  Normal  Continental  Plait  ^ 


nature  to  be  more  than  mere  fortuitous  circumstance.  It  calls 
for  special  inquiry.  It  seems  capable  of  reduction  to  a  mathe¬ 
matical  basis. 

Singularly  enough  anticlinoria  are  among  the  tectonic  structures 
easiest  of  formation  in  recent  experiments.  Structures  thus  pro¬ 
duced  in  miniature  simulate  in  all  essential  particulars  those  fa¬ 
miliar  and  often  complex  flexures  which  distinguish  the  great 
mountain  tracts  of  the  globe.  Representative  diagrams  of  several 
of  them  are  represented  in  the  accompanying  cut  (figure  5),  which 
are  pen-tracings  of  photographs.  None  of  them  are  especially 
selected  as  particularly  good  examples;  but  they  are  normal,  re- 


Figure  5.  Development  of  the  Cordilleran  Anticlinorium 


curring  figures.  Reproduced  time  and  again  substantially  as  fig¬ 
ured  the  forms  seem  to  be  a  necessary  consequence  of  tempered 
tangential  stress.  This  appears  to  find  direct  analogy  in  the  cor¬ 
dilleran  belts  of  the  earth  wherein  corrugation  takes  place  in  the 
straticulate  crust  as  a  relief  from  tremendous  telluric  strain. 

A  striking  feature  of  the  experimental  production  is  the  relative 
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large  value  of  the  vertical  component.  This  is  so  great  that  its 
replica  in  diagram  suggests  the  large  vertical  exaggeration  per¬ 
mitted  in  blackboard  demonstration  rather  than  the  normal  scale 
of  nature.  In  the  experiments  this  is  readily  or  partially  explained, 
however,  by  the  fact  of  the  relatively  enormous  toughness  of  the 
materials  used.  This  is  so  superior  to  that  found  in  nature  that 
relief  of  tangential  stress  through  faulting  is  not  possible,  and 
the  effect  becomes  cumulative  to  such  an  extent  as  to  appear 
diagrammatic. 

The  notable  central  infolding  presented  in  the  laboratory  in  spite 
of  rigid  retention  by  peripheral  banding  discloses  in  nature  a  new 
importance  of  gravity,  and  accounts  for  a  host  of  phenomena 
which  have  always  remained  inexplicable. 

The  recent  experiments  with  roll-paper  appear  to  indicate  that 
the  overturn  fold  is  a  product  of  special  conditions.  Only  when 
the  roll  is  especially  loosely  wound  are  multiple  flexures  developed 
to  notable  extent.  In  nature  analogous  conditions  obtain  where 
there  is  alternation  of  hard  and  soft  strata  the  latter  being  repre¬ 
sented  by  shales  in  which  intermolar  movement  corresponds  essen¬ 
tially  to  normal  rock-flow. 

The  development  of  the  simple,  open  fold  into  a  closely  ap- 
pressed  flexure  the  peak  of  which  is  finally  overturned  appears 
to  take  place  only  in  the  center  of  the  anticlinorium  where  mass 
motion  is  greatest.  It  is  usually  accompanied  by  medial  infold¬ 
ing,  or  down-folding,  and  often  faces  a  similar  overturn  from  the 
opposite  limb  (figure  6).  The  surprising  feature  in  experiment 


Figure  6.  Kvolution  of  the  Overturn  Plication 


is  again  the  relatively  enormous  vertical  displacement  which  is 
involved.  In  one  instance  the  vertical  mobility  was  one-thirtieth 
of  the  radius.  On  the  scale  of  the  earth  this  is  a  fold  having  an 
amplitude  of  about  135  miles,  or  fifty  times  greater  than  any 
natural  structure  of  similar  character  known.  Long  before  the  at- 
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tainment  of  such  a  monstrous  form  in  nature  the  bottom  would 
flow  away  and  lose  itself  in  the  physically  homegeneous  mass  in 
the  zone  of  rock-flow. 

The  overturn  flexure  is,  of  course,  an  extreme  among  plicative 
phenomena.  Artificially  it  is  sometimes  produced  in  crushing 
experiments,  as  a  direct  result  of  mass-compression  wherein  the 
layers  are  too  pliant  to  break.  That  the  overturn  fold  is  also  a 
normal  product  of  release  of  tangential  tension  is  a  wholly  unex¬ 
pected  attainment.  Still  more  striking  is  the  fact  that,  in  the  roll- 
paper  experiments,  overturn  phenomena  seem  confined  to  a  thin, 
outer  shell,  and  do  not  extend  with  diminishing  effect  into  the 
interior.  Presumably  in  both  nature  and  laboratory  relief  from 
load  largely  controls. 

The  experimental  reproduction  of  these  broad  basinal  areas 
that  correspond  to  the  oceanic  depressions  of  the  geoid  is  accom¬ 
panied  by  results  having  curious  significance.  It  points  to  the  fact 
that  we  shall  have  to  modify  our  basic  conceptions  concerning  the 
major  deformations  of  the  earth’s  crust.  Instead  of  distin¬ 
guishing  between  continental  elevations  and  oceanic  depressions,  a 
circumstance  imposed  by  an  overweening  importance  attached  to 
the  presence  of  the  sea,  an  idea  that  has  come  down  to  us  from 
time  immemorial,  the  proper  discrimination  to  be  made  is  between 
the  cordilleran  ridges  of  the  continental  borders  and  the  inter¬ 
vening  savannahs,  whether  just  above,  or  just  below,  the  level 
of  the  sea.  On  this  basis  the  tracts  which  we  are  accustomed  to 
designate  as  oceanic  depths  and  the  low-level  basinal  interiors  of 
the  continents  are  arranged  in  the  same  tectonic  category.  Con¬ 
sideration  of  any  such  datum  plane  as  sea-level  may  be  with  full 
propriety  entirely  neglected.  The  meridional  disposition  of  the 
continents  thus  comes  to  be  readjusted  as  relatively  narrow  oro¬ 
graphic  ridges  in  place  of  broad  basin  shaped  plateaus. 

In  nature  the  maximum  depth  of  the  oceanic  infold  is  about  one- 
eight-hundredth  of  the  earth’s  radius ;  in  the  laboratory  this  broad 
infolding  amounts  to  one-fifteenth  of  the  spheroidal  radius  (fig¬ 
ure  7).  Here,  as  elsewhere,  the  tremendous  values  of  the  vertical 
component  occasioned  by  the  release  of  tangential  tension  is  as 
unlooked  for  as  it  is  striking. 

As  already  intimated  the  noteworthy  feature  of  the  experimental 
results  is  the  novel  change  in  which  they  involve  our  conceptions 
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of  the  relations  of  the  continents  and  the  oceanic  basins.  A  direct 
effect  of  this  broader  perspective  permitted  by  the  new  view-angle 
is  the  notable  loss  of  force  which  is  sustained  by  the  idea  of  the 
permanency  of  the  continental  masses,  as  urged  by  the  late  J.  D. 
Dana,  and  so  strongly  advocated  by  others.  In  this  regard  it 
seems  that  the  continental  borders  have  to  be  reexamined  with  this 


Figure  7.  Beginning  of  the  Basinal  Infold 


circumstance  in  mind.  It  is  possible  that  secular  continental  mi¬ 
gration  shall  have  to  be  substituted  for  permanency  of  the  larger 
earth  features. 

The  constant  recurrence  of  the  simple  monocline  in  the  labora¬ 
tory  tests  suggests  its  careful  analysis  as  a  fundamental  structural 
feature.  Radial  measurements  clearly  show  that  the  phenomenon' 
is  not  merely  and  entirely  a  local  down-sinking.  With  reference 
to  the  normal  circumference  of  the  spheroid  the  movement  in¬ 
volves  a  noteworthy  rising  on  the  up-side  of  the  monocline  and 
for  a  considerable  distance  beyond  the  crest;  and  a  differential 
depression  for  a  long  distance  on  the  down-side,  beyond  the  foot 
of  the  incline.  There  is,  then,  a  gradual  rise  of  the  stratigraphic 
level  until  finally  the  latter  again  reaches  its  normal  level  with 
reference  to  the  circumference.  (Figure  8). 


Figure  8.  Origin  of  the  Monoclinal  Flexures 


In  the  field,  and  especially  in  such  regions  as  the  Great  Basin, 
where  the  monoclinal  type  of  fold  is  rendered  so  conspicuous,  the 
laboratory  results  appear  to  be  notably  applicable.  A  not  in¬ 
significant  fact  is  the  general  meridional  trend  of  the  monoclinal 
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axes.  Not  a  single  instance  is  recalled  in  all  the  world  where 
a  monoclinal  flexure  runs  in  the  direction  of  the  earth’s  rotation. 

Applying  the  experimental  principles  established  to  the  earth  a 
rational  scheme  of  orogeny  seems  to  be  evolved.  That  there 
should  be  in  the  outer  thin  shell  of  rock-fracture  a  slow,  differ¬ 
ential  lagging  of  the  different  strata,  somewhat  analogous,  per¬ 
haps,  to  the  retardation  of  the  atmospheric  shell,  whence  rise  the 
trade-winds,  is  one  of  the  necessary  consequences  of  a  diminishing 
rate  of  terrestrial  rotation.  Aside  from  the  time-factor  the  main 
difference  between  the  two  phenomena  is  that  one  shell  is  homeo- 
geneous  in  its  makeup;  while  the  other  is  heterogeneous  in  its 
composition. 

Were  the  outer  crust  of  the  earth  homogeneous  in  its  resisting 
qualities  as  is  its  interior  the  great  mountain  chains  would  prob¬ 
ably  all  be  disposed  along  more  or  less  regular  meridional  lines. 
As  it  is,  with  thick  resistant  terranes  interspaced  with  vast  weak 
shale  belts  the  release  strains  are  necessarily  irregularly  deflected 
and  the  lines  of  maximum  compression  are  directed  every  which 
way.  Under  such  conditions  it  is  small  wonder  that  no  satisfac¬ 
tory  crystallographic  symmetry  among  the  mountain  trends  of  the 
earth  is  ever  discerned.  Only  on  the  hypothesis  of  a  collapsing 
geoid  is  crystallographic  form  of  interest. 

In  a  rock-shell  of  diverse  resisting  qualities  in  its  various  parts 
it  is  obvious  that  secular  retardation  of  the  earth’s  rotation  would 
set  up  stresses  which  would  only  find  relief  from  time  to  time  as 
there  would  be  forward  creeping  of  the  hard  or  resistant  layers. 
Release  of  this  cumulative  stress  might  find  expression  in  local 
crustal  rupture  which  is  commonly  called  thrust-faulting,  or  by 
orographic  folding  of  strata.  The  meridional  corrugation  would 
be  also  profoundly  affected  by  the  change  in  the  ellipticity  of  the 
earth’s  figure  occasioned  by  the  reduction  of  the  rate  of  rotation. 

The  feature  which  brings  the  precessional  hypothesis  of  tectonics 
to  a  working  basis  is  the  fact  that  the  stresses  are  capable  of  re¬ 
duction  to  an  astronomical  foundation  and  to  exact  mathematical 
expression.  The  mount  of  differential  creep  within  the  zone  of 
rock-fracture  which  has  taken  place  since  Devonic  times,  or  dur¬ 
ing  a  period  of  fifty  millions  of  years,  is  indicated  by  the  value  of 
the  retardation  of  the  earth’s  rotation  since  that  ancient  date  when 
the  sidereal  day  was  only  about  one- fourth  as  long  as  at  present. 
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During  all  this  time,  and  longer,  as  George  Darwin  well  observes, 
the  Polar  regions  must  have  been  ever  rising  and  the  equatorial 
belt  falling,  though  as  the  ocean  followed  these  changes  they 
might  quite  well  have  left  no  geological  traces. 

In  this  connection  the  telluric  tides  of  this  early  day  of  rapid 
rotation  is  not  without  great  significance.  The  older  Paleozoic 
and  Pre-Cambrian  rocks  have  not  as  yet  been  subject  to  critical 
examination  with  possible  effects  of  this  kind  directly  in  view. 
The  Cambric  and  Pre-Cambrian  section  of  the  Rocky  Cordillera 
in  Alberta  and  British  Columbia  seem  to  be  most  promising  fields 
of  inquiry.  The  Great  Basin  recently  comes  into  this  category. 
The  Canadian  Shield  needs  special  consideration  in  this  respect. 
The  ancient  crystallines  of  the  Piedmont  Plateau  in  Maryland  and 
Pennsylvania  already  yield  important  results  bearing  directly  upon 
this  theme;  as  do  also  the  Pre-Cambrian  fields  of  the  Scottish 
Highlands.  When  these  regions  have  been  carefully  inquired  into 
the  failure  or  realization  of  Elie  de  Beaumont’s  reseau  pentagonal 
will  have  been  satisfactorily  explained. 

In  the  laboratory  experimentation  on  curved  prisms,  like  sec¬ 
tors  of  the  earth,  with  bands  to  take  the  place  of  gravitational 
control,  and  under  conditions  analogous  to  retardation  of  the 
earth’s  revolution,  there  is  reproduced  to  a  nicety  all  of  those 
larger  structural  features  of  the  earth  such  as  the  ocean  basins, 
the  continental  arches,  the  cordilleran  corrugations,  and  the  orogra- 
graphic  foldings.  The  effects  of  tangential  creeping  which  many 
mountain  structures  display  thus  appear  to  be  not  due  necessarily 
to  results  of  the  earth’s  contraction,  but  to  direct  cumulative 
lelease  due  to  secular  retardation  of  the  earth’s  rotation. 

On  this  new  basis,  with  the  force  and  rate  of  retardation,  and 
the  amount  of  crustal  shortening  capable  of  exact  expression  by 
mathematical  equation  a  ready  means  is  provided  for  realizing  not 
only  something  of  Elie  de  Beaumont’s  fantastic  dream  of  orogra¬ 
phic  symmetry,  but  for  guaging  in  units  of  human  time  the  age  of 
every  mountain  uplift,  for  determining  within  very  narrow  limits 
in  like  terms  the  periodicity  of  every  diastrophic  movement,  and 
for  evaluating  in  years  not  only  the  span  of  every  era,  period, 
epoch  and  stage  of  the  stratigraphic  record  since  life  began  on  our 
globe,  but  for  guaging  stratigraphic  chronology  long  antedating 
the  life  record. 
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EDITORIAL 
Golden  Age  in  Geology 

At  the  very  moment  when  that  prince  of  Latin  poets,  Publius 
Virgilius,  was  putting  the  finishing  touches  upon  his  great  and 
melodious  Fourth  Eclogue,  in  which  he  had  extolled  the  Golden 
Age  of  Rome  and  had  recorded  lavish  prophesy  of  everlasting 
peace,  order  and  justice  within  the  commonwealth,  there  took 
place  not  far  away  those  terrible  Perugian  massacres  whereby  a 
ruling  and  intellectual  aristocracy  first  foresaw  its  extinguish¬ 
ment  and  a  venerable  State  began  to  shatter  to  its  nethermost 
foundations. 

In  somewhat  lesser  degree  to  be  sure,  but  by  similar  irony  of 
Fate,  a  prince  of  earth  students,  one  of  our  Government  experts, 
in  a  moment  of  poetic  ecstacy,  also  announces  a  Golden  Age  for 
his  science,  a  brief  period  which  covered  a  time  when  he  saw  all 
and  a  part  of  which  he  was,  at  the  very  time  when  the  cherished 
and  brilliant  structures  to  which  he  so  religiously  alludes  as  es¬ 
pecially  characterizing  a  glorious  epoch  crumbles  to  pieces  at  his 
feet. 

His  complacent  pride  is  that  galaxy  of  large,  albeit  fantastic, 
generalizations  which  glow  over  western  deserts.  No  prospect 
in  all  the  world  or  in  all  history  since  Geology  became  a  science, 
so  fires  the  imagination  of  man  as  the  environs  of  the  Great  Basin 
of  Occident  America.  But  the  picturesque  fancies  concerning  its 
facial  expression  prove  to  be  forced  translations  of  concepts  estab¬ 
lished  under  exotic  environment,  and  sad  misinterpretations  of  re¬ 
corded  observation.  Were  they  but  real  entities  the  span  of  their 
youth  might  be  conceitedly  set  apart  as  a  distinctive  epoch  of  a 
science.  Under  such  realization  it  is  perhaps  pardonable  when 
one  becomes  so  rapturous  over  the  inviting  retrospect  as  does  soul 
of  eccentric  scientist  as  its  bursts  forth  seriously  proclaiming  for 
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its  generation  and  through  its  own  charmed  circle  a  Golden  Age 
for  his  selected  company. 

Admittedly  the  most  brilliant  concepts  in  the  annals  of  geologi¬ 
cal  science  are  those  hypotheses  which  hover  over  Great  Basin  des¬ 
erts.  Yet  few  claims  called  scientific  have  so  insecure  foundations. 
One  after  another  of  these  grand  thoughts  dissolve  into  the  chill, 
thin  air  from  whence  they  came,  at  first  breath  of  sirocco  breeze. 
Were  they  but  realities  instead  of  mighty  figments  of  the  imagin¬ 
ation  a  Golden  Age  of  Geology  might  be  complacently  proclaimed. 

When  these  brilliant  conceptions  were  set  free  to  the  winds  their 
features  were  measured  not  by  new  but  by  old  and  foreign  stand¬ 
ards.  This  it  was  that  made  them  so  sensational,  so  astounding. 
Then  no  such  thing  as  a  special  desert  geology  was  yet  even  faint¬ 
ly  adumbrated  upon  the  field  of  our  science.  The  relative  effi¬ 
ciencies  of  the  erosional  processes  were  not  yet  determined.  True 
method  of  desert  denudation  was  unknown.  The  novel  effects 
of  arid  physiography  remained  unrecognized.  Undreamed  were 
both  the  potency  of  desert  wind-scour,  and  the  grand  scale  of  arid 
deflation.  In  view  of  these  circumstances  the  Golden  Age  of 
Geology  is  not  upon  us.  It  must  be  long  deferred.  Certainly  it 
is  not  in  sight  of  men  now  living. 

What  pity  is  it  that  there  could  not  be,  during  the  life-time  of 
those  living,  a  Golden  Age  in  Geology.  What  a  distinguished 
company  of  sparkling  wits  it  would  have  been  if  only  those 
thoughts  had  proved  to  be  true,  if  only  there  had  been  fact  instead 
of  fiction.  Where  else  in  the  history  of  Science  is  there  grander 
assemblage.  The  vast  Tertiary  lakes  covering  half  a  continent, 
fire  seas  illimitable  spreading  out  over  Idaho  plains,  fault-block 
simplicity  of  the  desert  ranges  whereby  stupendous  rock  piles  are 
fancied  to  be  floating  upon  the  liquid  interior  of  earth,  much  as 
ice-cakes  in  a  northern  river  jam,  the  pari  passu  rising  of  moun¬ 
tain  masses  as  their  summits  are  depleted,  sudden  springing  into 
being  of  vast  fresh-water  lakes  where  desert  stood  but  short  while 
before  as  genetic  result  of  antipodal  glaciation,  recent  lowering  of 
the  groundwater  table  thought  to  be  demonstrated  by  the  occur¬ 
rence  of  sulphide  ores  high  above  the  present  levels,  blistering  of 
the  earth’s  cuticle  through  volcanic  abortion,  shortening  of  earth’s 
crust  through  its  fracture  in  place  of  its  flexure,  are  only  a  few  of 
the  larger  concepts  which  intertwined  might  add  weight  to  make 
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our  age  golden  if  they  but  stood  for  verity  and  intellectual  pro¬ 
gress. 

Long  before  their  authors  realize  that  they  are  actual  fancy  and 
long  before  they  reach  crucial  test  these  figments  of  the  imagina¬ 
tion,  most  brilliant  thoughts  of  a  century’s  travail  perhaps,  array 
themselves  with  Goethe’s  poetic  conceit  of  coalescing  and  distort¬ 
ing  vertebrae  merging  themselves  into  sheep  skull.  Golden  con¬ 
cepts  of  the  ages  though  they  be  they  pass  as  irridescent  soap-bub¬ 
bles  into  nothingness  when  brought  out  under  sky  and  are  subjected 
to  quantitative  analysis  and  specific  evaluation.  From  such  mate¬ 
rials  are  dreams  made.  A  Golden  Age  of  Science  should  be 
composed  of  sterner  stuff.  The  Golden  Age  of  Poesy  may  be  the 
Augustan  Time  which  immediately  precedes  the  relapse  of  a  na¬ 
tion  into  barbarism ;  but  in  Science  it  should  not  prestige  its  fall. 

The  Golden  Age  acclaimed  for  Geology  is  a  curious  and  unique 
conceit.  It  could  only  emanate  from  the  thick  atmosphere  of  some 
political  capital  where  only  the  applaudits  of  the  unthinking  mul¬ 
titudes  seem  worth  while.  None  other  than  some  ardent  devotee 
of  Federal  bureau  of  that  now  distant  day,  who,  taking  the  nar¬ 
row  life  about  him  all  too  seriously,  followed  too  closely  the  rather 
unscientific  Powellian  policy  of  geological  saisissement  and  passed 
on  too  joyously  a  soldier’s  proneness  for  dramatic  effect  into 
scientific  realms  where  it  has  no  place,  could  miss  the  inherent 
weakness  of  such  sensationalism. 

One  naturally  expects  the  Golden  Age  of  a  science  to  be  the 
flowering  time,  a  season  when  great  truths  finding  flight  sing  new 
advances  in  knowledge,  and  a  period  when  are  laid  the  solid 
foundations  for  a  structure  which  shall  endure  forever  more. 
But  the  edifice  which  is  claimed  to  mark  a  golden  age  for  our 
science  is  already  badly  shattered.  It  begins  to  totter  even  before 
the  workers  can  remove  their  tools.  A  Golden  Age,  like  the  dou¬ 
ble  florescence  among  plants  may  be  a  decadent  phenomenon,  but 
in  the  epoch  to  which  reference  is  here  made  its  chosen  actors 
are  not  ending  their  family  lineage  in  a  blaze  of  glory. 

Geology’s  Golden  Age  is  not  exclusively  American.  It  is  not 
the  sole  creation  of  any  dingy  Governmental  bureau.  No  irre¬ 
sponsible  coterie  delimits  its  place  in  time,  or  space,  or  its  com¬ 
position.  Nay,  the  Golden  Age  of  Geology  is  not  passed.  It  still 
lies  before  us. 
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Nomenclature  of  the  Hemeral  Divisions  of  Terranal 

Classification 

When  in  the  interests  of  practical  chartography  it  was  decided 
to  establish  lithologic  units  for  portrayal  and  to  assign  to  such  ac¬ 
cepted  units  geographic  names  it  was  thought  that  the  main  map¬ 
ping  troubles  of  the  geologist  were  over.  Unlooked  for  compli¬ 
cations  soon  set  in.  Rock  sequences  which  lithologically  appeared 
to  form  compact  and  homogeneous  sections  sometimes  revealed 
within  themselves  faunas  of  the  most  diverse  aspects.  A  lith¬ 
ologic  unit,  with  officially  stamped  title,  frequently  was  discov¬ 
ered  to  carry  two,  three,  or  half  a  dozen  assemblages  of  fossils  . 
each  of  different  geologic  age. 

Since  geologists  generally  seemed  loath  to  give  up  the  biotic 
criterion,  which  had  been  so  firmly  grounded  in  their  natures,  even 
after  full  realization  of  its  practical  shortcomings,  and  the  indis¬ 
putable  fact  that  it  really  indicated  not  a  basis  for  rock  classifica¬ 
tion  but  was  merely  a  scheme  of  organic  sequence,  confusion  soon 
arose  from  attempted  use  of  a  double  standard.  In  the  wild 
desire  to  multiply  titles,  such  as  would  have  done  credit  to  paleon¬ 
tologists  a  generation  ago,  the  fundamental  principle  in  establish¬ 
ing  practicable  mapping  units  was  not  only  soon  lost  sight  of,  but 
entered  upon  a  new  field  of  easily  avoidable  difficulties. 

In  terranal  classification  the  first  grand  division  in  \vhich  rock 
units  assume  genetic  import  is  the  provincial  series.  In  this  con¬ 
nection  its  geologic  age  is  of  little  consequence.  Being  made  up 
of  lithologic  units,  designated  as  formations  or  terranes,  mapping 
becomes  severely  restricted  to  portraying  them  faithfully  and 
with  genetic  expression.  No  grouping  of  them  other  than  as  pro¬ 
vincial  series  advances  our  knowledge  of  their  taxonomy.  An 
intermediate  “Group”  is  as  unessential  as  the  proverbial  fifth 
wheel  of  a  wagon.  Use  of  such  intermediary  rather  carries  with 
it  the  tacit  admission  of  an  entire  want  of  knowledge  concerning 
the  taxonomic  relations  of  the  included  lithologic  units  and  forstalls 
the  very  object  for  which  the  mapping  is  initiated.  Yet  the  prac¬ 
tice  of  instituting  useless  divisions  in  the  columnar  scheme  gives 
large  outlet  to  the  passion  for  disfiguring  terranal  classification 
with  new  and  strange  names  however  unnecessary  and  burdensome 
they  may  be. 
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If  the  “Groups”  larger  than  formations  or  lithologic  units  ac¬ 
quire  unnecessary  cognomens  which  are  only  recognized  in  map¬ 
ping  when  actual  knowledge  is  lacking,  or  when  it  is  obligatory  to 
camoflage  a  land  map  so  that  it  may  have  some  semblance  of  a 
geologic  contrivance  the  host  of  subformational  units,  members, 
lentils,  and  beds,  all  too  inconsequential  for  graphic  portrayal,  but 
all  clamoring  for  especial  recognition  of  some  sort  or  other,  furn¬ 
ish  a  vaster  field  for  wholesale  geographic  christening.  Kansas, 
New  Mexico  and  the  Dakotas  are  not  alone  the  unfortunate  ones 
in  this  respect. 

An  especially  aggravating  case  is  the  Bethany  Limestone,  the 
basal  terrane  of  the  Missourian  series,  or  Non-productive  Coal 
Measures,  of  Iowa,  Nebraska,  Missouri,  Kansas  and  Oklahoma. 
In  each  one  of  the  several  states  it  has  a  multiplicity  of  appella¬ 
tions.  It  is  a  shining  example  of  a  formation  in  which  all  of  its 
essential  classificatory  features  are  now  completely  lost  sight  of  in 
the  mad  race  to  enlarge  the  already  weighty  list  of  formational 
names,  but  which  only  results  in  oppressive  synonomy.  Too  pre¬ 
valent  is  that  strange  fallacy  that  mere  change  of  familiar  local 
nomenclature  is  per  se  a  solemn  announcement  of  scientific  dis¬ 
covery. 

The  infinitesimal  subdivisions  of  the  Bethany  formation,  which 
are  now  often  dignified  by  the  attachment  of  special  geographic 
names,  do  not  mean  anything.  They  never  find  place  on  any  of 
the  local  maps.  A  six-foot  Hertha  bed  or  a  seven  foot  Galesburg 
shale  in  a  succession  of  shales  2,000  feet  in  thickness,  must,  in  the 
absence  of  some  especially  notable  idiosyncracy  be  something  of 
a  negligible  element.  Such  midget  beds  are  only  locally  recog¬ 
nizable.  Their  stratigraphic  delimitation  is  uncertain  and  change¬ 
able.  Their  lithologic  character  is  usually  inconstant.  Their  bio¬ 
tic  definition  is  rarely  determined  and  is  often  as  not  indetermin¬ 
able.  Their  economic  content  is  commonly  nil.  No  chartographic 
use  is  ever  made  of  such  minute  subdivisions.  They  are  unmap- 
able  even  on  scale  of  gigantic  proportions.  They  represent  noth¬ 
ing  but  idle  names. 

This  special  designation  of  the  midget  by  geographic  title  is 
the  source  of  another  serious  harm  to  rational  and  exact  taxonomy. 
Aside  from  a  vast  and  ever  growing  synonomy,  it  tends  to  destroy 
the  chief  taxonomic  criterion  for  the  determination  of  taxonomic 
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rank.  If  it  is  ever  desirable  to  speak  of  these  midgets  separately 
they  are  best  referred  to  by  some  physical  property  or  attribute, 
some  characteristic  mineral,  some  distinctive  or  abundant  fossil,  a 
peculiar  structure,  an  easily  recognizable  texture,  or  an  especial 
lithologic  feature. 

The  ills  of  Bethany  are  not  all  ended  by  restoration  of  its  sub- 
divisional  rights  according  to  the  world- wide  acceptance  of  the 
canons  of  nomenclature.  Recent  attempts  to  merge  it  with  other 
already  well  established  formations  under  a  new  title  of  “Kansas 
City  Formation”  go  far  towards  creating  demand  for  the  services 
of  alienist.  A  rigid  taxonomic  rank  is  given  three  different  mean¬ 
ings.  Classification  becomes  destructive  instead  of  constructive. 
What  advantages  accrue  nobody  knows.  In  chartography,  with 
the  most  suitable  scale  for  the  region,  or  one  inch  to  one  mile,  the 
representation  of  the  Kansas  City  formation,  or  either  of  its  con¬ 
freres,  the  Lansing  formation  or  the  Douglass  formation,  imparts 
about  as  much  geological  expression  to  the  land  map  as  does  the 
limning  of  a  mud  fence.  Although  brilliant  with  color  the  map 
resolves  itself  into  a  mere  land-map  and  nothing  else.  Occupa¬ 
tion  of  public  geological  surveys  is  gone.  They  must  entirely 
cease  to  function  so  soon  as  the  general  public  finds  out  what  is 
really  going  on. 

Nature  seems  to  have  put  forth  her  supremest  effort  to  dispose 
and  alternate  the  Kansas  rock  layers  so  that  their  geologic  mapping 
should  resolve  itself  into  ideal  creation,  and  the  formations  should 
illuminate  themselves  to  very  best  advantage.  As  chartographic 
works  of  art  Kansas  geological  maps  should  be  the  most  beautiful 
extant.  They  should  present  their  features  in  clear-cut  classic 
outlines  such  as  a  Phidias  would  vitalize  a  block  of  Pentalicon 
marble. 

Dispensing  with  the  use  of  place  names  for  the  unimportant 
subdivisions  of  the  terrane,  or  lithologic  unit,  which  are  so  seldom 
or  never  used  in  chartography,  should  go  a  long  way  towards  ad¬ 
vancing  geological  taxonomy  and  towards  promoting  rational 
geological  mapping.  When  this  shall  have  been  accomplished 
there  will  be  no  longer  raised  against  the  movement  for  speeding 
up  the  geological  mapping  of  our  country  the  loud  counter  cry  for 
abandonment  of  the  work  altogether  which  is  now  heard  through¬ 
out  the  land. 
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Curious  Precursor  of  Modern  Mining  Organization.  The  early 
history  of  mining  in  the  Upper  Mississippi  valley  readily  resolves 
itself  into  two  quite  distinct  phases.  One  of  these  relates  almost 
wholly  to  the  development  of  the  lead  industry  that  had  a  funda¬ 
mental  influence  upon  the  early  settlement  of  the  region  and  the 
establishment  of  routes  of  commerce  which  persist  even  to  the 
present  day. 

Notwithstanding  the  fact  that  lead  is  known  to  have  been  taken 
out  of  Iowa  land  prior  to  the  year  1650,  it  is  generally  considered 
that  the  first  mining  in  the  region  was  undertaken  by  Julian 
Dubuque.  It  is  related  how,  in  1788,  he  began  to  extract  lead- 
ores  from  the  west  side  of  the  Mississippi  River,  within  the  cor¬ 
porate  limits  of  the  present  city  bearing  his  name.  Dubuque  gave 
the  place  the  title  of  “Spanish  Mines;”  and  the  patent  granted 
him  by  Spain  eight  years  later  thus  distinguishes  the  tract.  School¬ 
craft,  who  visited  the  Iowa  lead  district  in  1820,  states  that  Du¬ 
buque’s  rich  discoveries  of  ores  were  made  by  the  wife  of  Peosta, 
a  warrior  of  Kettle  Chief’s  band  of  Foxes.  This  reputed  strike 
has  a  tinge  of  romance  as  well  as  a  dash  of  Twentieth  Century 
business  method. 

As  now  known  mining  in  the  vicinity  was  in  progress  for  more 
than  one  hundred  years  and  was  in  a  very  flourishing  condition 
.  when  Dubuque  first  appeared  upon  the  scene.  He  sought  not 
only  to  mine  lead  as  others  were  doing,  but  he  endeavored  to  con¬ 
trol  the  entire  industry.  Born  in  Canada,  of  Norman  parentage, 
he  was  described  as  a  man  of  wonderful  energy  and  singular  pop¬ 
ularity  among  the  Indians.  By  divers  machinations  he  secured 
from  the  full  council  of  Fox  and  Sac  Indians  permit  peacefully  to 
operate  the  mines.  He  thereby  established  a  monopoly  of  all  the 
lead-mines  on  the  west  side  of  the  Mississippi  River.  Later  (in 
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1796)  he  had  the  Indian  grant  confirmed  by  Carondelet,  Governor 
of  Louisiana,  under  the  title  of  the  “Mines  of  Spain.”  Soon,  also, 
on  the  east  side  of  the  river,  the  entire  lead-bearing  districts  of 
what  are  now  Wisconsin  and  Illinois,  were  in  the  hands  of  Du¬ 
buque’s  men.  He  built  and  operated  the  furnaces.  He  conduct¬ 
ed  extensive  prospecting  parties.  He  controlled  the  boats  which 
carried  the  product  down  the  river  to  market.  In  gaining  abso¬ 
lute  supremacy  over  the  lead  industry  he  displayed  remarkable 
talent.  For  whatever  lead-ores  he  purchased  he  established  the 
rate.  In  market  he  fixed  the  price  of  the  refined  product.  He 
tickled  the  fancy  and  touched  the  pride  of  the  governmental  pow¬ 
ers  by  calling  his  properties  the  “Mines  of  Spain.”  By  a  hundred 
and  twenty-five  years  he  was  in  advance  of  some  of  our  own  cap¬ 
tains  of  industry,  and  he  likewise  anticipated  the  policies  of  the 
most  modern  industrial  enterprises.  Keyes. 

Coal  Fields  of  Kentucky.  As  a  coal  producer  ^  Kentucky  rose 
gradually  from  a  position  of  comparative  obscurity  until  1898 
when  she  ranked  tenth  among  the  states  of  the  Union  and  con¬ 
tributed  1.8  per  cent  of  the  total  coal  production  of  the  country. 
In  1905  Kentucky  rose  to  eighth  place  among  coal-producing 
states,  which  positions  she  held  through  1907,  when  she  led  Colo¬ 
rado,  which  had  until  then  preceded  her,  and  ranked  seventh.  By 
1912  the  rapid  development  of  the  Eastern  Field  began  to  be  felt 
and  this  state  assumed  fifth  place.  In  1914,  with  only  Penn¬ 
sylvania,  West  Virginia  and  Illinois  ahead,  Kentucky  reached 
the  state  of  fourth  importance  on  a  coal-producing  basis.  Then 
Ohio  bid  strongly  for  the  great  northwest  markets  and  her  own 
and  slipped  back  into  her  former  fourth  place  in  1915,  relegating 
Kentucky  to  an  easy  fifth  place. 

Previous  to  the  year  1893  virtually  all  mining  of  coal  in  the 
state  was  done  with  pick  and  shovel.  In  that  year  mining  with 
machinery  was  introduced.  This  movement  grew  rapidly.  In 
1893,  twenty  per  cent  of  Kentucky  coal  was  mined  by  machinery; 
a  decade  later  forty-nine  per  cent  was  so  mined.  At  the  present 
time  not  less  than  ninety  per  cent  of  the  coal  of  the  state  is  ma¬ 
chine-mined. 

1  Summary  of  a  paper  read  before  the  Filson  Club  of  Louisville,  and  published  in 
book  form  as  under  the  title  of  “The  Coal  Industry  in  Kentucky,”  by  W.  L-  Jillson, 
Louisville,  1922. 
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The  somewhat  phenomenal  growth  which  Kentucky  made  dur¬ 
ing  the  last  decade  in  coal  production  was  due  mainly  to  the  dis¬ 
covery  and  development  of  new,  thick,  and  marketable  coals  in 
the  eastern  counties.  Thus,  Letcher  County  entered  the  list  of 
counties  as  producing  commercial  coal  in  1912 ;  and  in  four  years 
headed  the  list  and  outrivaled  her  sister  county.  Pike,  the  then 
leader,  which  began  producing  commercial  coal  in  1904.  Pike 
County  returned  to  first  place  in  1917,  and  has  led  the  state  down 
to  the  present  time. 

Harlan  County  saw  a  similar  development.  Kentucky’s  out¬ 
put  of  coke  was  trebled  the  second  year  that  Harlan  began  pro¬ 
ducing  commercial  coal.  The  third  year  after  Harlan  County 
entered  the  lists,  the  coke  production  for  the  State  increased  ten¬ 
fold. 

The  Western  coal-field  increased  its  production  greatly  recently 
through  the  consolidation  of  operations  and  by  the  introduction 
of  modern  methods  of  stripping  shallow  coals  with  the  steam- 
shovel.  War  demands  stimulated  coal  output  greatly  in  Ken¬ 
tucky.  A  reversion  to  normal  conditions  bids  fair  to  maintain  the 
figure,  and  the  end  is  not  yet  in  sight. 

The  number  of  labor  strikes  in  the  coal-fields  of  Kentucky  is 
notably  low,  indicating  in  general  not  only  good  labor  conditions 
but  also  conditions  of  good  and  farseeing  management.  To  these 
excellent  operative  factors  must  be  added  that  of  a  vast  tonnage 
not  only  unmined  but  still  largely  unopened  and  even  unsurveyed, 
which  facts  when  taken  together  reasonably  assure  Kentucky’s 
future  position  as  a  great  national  fuel  asset. 

JiLLSON. 

Antiquity  of  Chupadera  Mesa  Iron  Deposits.  If  ever  there 
were  iron  deposits  displaying  undoubtable  geological  clue  to  their 
genesis  and  geological  history  they  are  those  exposed  in  central 
New  Mexico,  recently  uncovered  on  that  broad  plateau  plain 
known  as  the  Chupadera  Mesa.  By  the  miners  of  this  region  these 
bodies  of  magnetic  iron  ore  are  commonly  regarded  either  igneous 
segregations  or  contact  deposits,  mainly  for  the  reason,  no  doubt, 
that  they  hug  extensive  dike  rocks.  The  prospectors’  opinions, 
wholly  unsupported  by  scientific  or  geological  evidences  however, 
manifestly  color  all  other  interpretations.  Even  the  latest  formal 
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Government  report  on  the  ores,  by  Lindgren,  Graton  and  Gordon, 
categorically  asserts  that,  “The  ore  is  the  result  of  contact  meta¬ 
morphism  of  the  limestone  by  the  monzonite  dikes.” 

The  monzonite  dikes  with  which  the  ores  are  claimed  to  be 
genetically  associated  are  numerous  on  the  mesa.  While  some  of 
them  traverse  the  country  as  huge,  cyclopean  walls  for  distances 
of  a  dozen  miles  or  more,  others  are  only  a  few  feet  in  width 
and  do  not  rise  above  the  ground.  How  extensively  such  insig¬ 
nificant  eruptives  could  metamorphose  and  mineralize  the  adja¬ 
cent  limestones  may  be  left  to  the  imagination.  On  perfectly 
fresh  contacts  the  metamorphism  effects  seem  almost  nil,  and  min¬ 
eralization  is  also  inappreciable.  Moreover,  the  occurrence  of 
these  ores  is  not  always  confined  to  the  sides  of  the  dikes.  There 
are  magnetite  ores  in  the  same  region  which  lie  in  fault-planes  in 
which  no  eruptive  rock  is  in  evidence. 

These  intrusive  sheets  are  doubtless  regular  fault  dikes,  a  phe¬ 
nomenon  quite  common  throughout  this  region.  Although  the 


Figure  9,  Pre-Cretacic  Dike  and  Ore  Bodies  on  Chupadera  Mesa 


limestones  are  sharply  turned  up  against  the  dikes  on  either  side  the 
structure  is  in  no  sense  an  anticlinal  one,  as  the  Lindgren  report 
claims. 

At  the  Dios  Springs  group  of  deposits,  near  the  north  end  of 
the  Mesa,  a  score  of  miles  from  Willard,  on  the  New  Mexico  Cen- 
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tral  railroad,  the  country  is  deeply  disected.  Recent  erosion  often 
attains  depths  of  800  feet,  cutting  entirely  through  the  Mid  Cre- 
tacic  sandstones  and  shales,  and  revealing  an  old  denudation  sur¬ 
face  having  for  its  foundation  the  Mid  Carbonic  Maderan  lime¬ 
stones,  which  are  folded,  faulted,  and  intruded  by  dikes.  Wher¬ 
ever  the  dikes  reach  canyon  sides,  or  walls  of  the  Mesa,  they  are 
plainly  seen  not  to  penetrate  the  Cretacic  formations  (figure  9). 
Thus  an  early  Mesozoic  date  is  fixed,  within  very  narrow  limits, 
for  the  volcanic  activities  expressed  by  the  dikes.  Formation  of 
the  iron  ores  appears  to  have  occurred  long  afterwards. 

The  time-span  covered  by  the  stratal  hiatus  represented  by  the 
unconformity  plane  at  the  base  of  the  local  Cretacic  sections  is  one 
of  very  large  proportions.  Several  thick  rock  successions  are 
entirely  missing.  The  entire  Bernalillan  series  of  red-beds,  1,500 
feet  in  thickness,  part  of  the  Guadalupan  series  of  sandstones  and 
limestones,  perhaps  2,500  feet,  the  Cimarronian  series  of  red- 
beds,  1,000  feet  in  vertical  measurement,  all  of  the  Triassic  se¬ 
quence,  possibly  another  1,000  feet,  and  all  of  the  Jurassic  sedi¬ 
ments,  500  feet  or  more,  were  swept  away  during  the  following 
Comanchan  erosion  interval.  Altogether,  about  7,000  feet  of 
strata  are  destroyed  during  the  Early  Cretacic  Period  of  exten¬ 
sive  regional  denudation.  In  places,  as  on  the  Chupadera  Mesa, 
the  Cretacic  peneplain  is  now  laid  bare,  and  it  is  only  because  of 
this  fact  that  the  ancient  Cretacic  iron  deposits  are  now  again 
brought  to  sky. 

Notwithstanding  the  circumstance  that  the  Chupadera  iron  de¬ 
posits  are  so  venerable,  and  the  vicissitudes  through  which  they 
have  passed  are  so  many  and  varied,  their  geological  story  is 
quickly  told.  As  shown  at  fresh  contacts  the  ores  are  manifestly 
not  mineralizations  of  the  intrusive  phenomena.  The  geneses  of 
dike  and  ore  are  widely  separated  in  point  of  time.  As  indicated 
by  the  continuity  of  the  Cretacic  strata  immediately  over  the  dikes 
the  intrusions  are  without  question  pre-Cretacic  features.  The 
monzonite  intrusions  are  possible  at  any  date  between  Mid  Car¬ 
bonic  times  and  Early  Cretacic  times.  It  is  probable  that  they 
really  took  place  just  previous  to  Comanchan  erosion,  while  the 
mile  and  a  half  pile  of  Late  Carbonic,  Triassic  and  Jurassic  sedi¬ 
ments  were  still  untouched  by  the  elements.  It  is  may  be  that  the 
dikes  were  formed  while  the  Mid  Carbonic  limestones  were  yet 
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depressed  two  miles  beneath  sea-level,  as  the  pre-Cretacic  sedi¬ 
ments  were  being  piled  high  upon  them. 

At  any  rate,  when  this  great  thickness  of  sediments  swung  back 
to  land,  and  were  eroded  and  entirely  removed  during  the  long 
Comanchan  Period,  down  to  the  Mid  Carbonic  limestone  level,  iron 
set  free  mainly  from  the  decomposition  of  the  dikes  and  the  ad¬ 
joining  rocks,  segregated  as  limonite  in  the  cavernous  belts  along 
side  of  the  dikes.  As  surface  limonite  deposit,  after  several  thous¬ 
ands  of  feet  of  it  and  the  dike  had  been  removed  through  erosion, 
it  underwent  the  same  vicissitudes  as  the  old  ground  surface  in  its 
depression  a  mile  or  two  below  the  sea,  while  the  Cretacic  and 
Early  Tertic  beds  were  being  laid  down  upon  it.  At  this  time  the 
limonite  doubtless  underwent  complete  dehydration  and  assumed 
the  form  of  the  oxide,  magnetite  chiefly.  In  this  state  it  rose  to 
the  surface  again  as  its  cover  was  removed.  At  our  day  it  is 
caught  by  us  just  as  it  was  left  in  Comanchan  times,  except  with 
the  dehydrating  impress  of  its  long  and  deep  burial  still  upon  it. 

Today  limonite  is  accumulating  along  side  of  the  dikes  in  the 
shatter  belts  of  the  limestone  just  as  it  probably  originally  did  in 
old  Comanchan  times,  and  just  as  it  is  in  other  places  in  the 
region.  The  singular  admission  in  the  Lindgren  report  that  not¬ 
withstanding  the  fact  that  no  evidences  were  obtainable  because 
of  the  decomposition  of  the  walls  of  iron  body  yet  the  ore  is  a 
contact  deposit,  has  another  angle.  The  real  reason,  perhaps,  why 
the  mineralized  contact  belt  of  the  dike  is  nowhere  observed  is 
that  it  really  never  existed.  The  limestone  walls,  however,  are 
not  everywhere  decomposed  beyond  recognition.  In  some  favored 
situations  the  monzonite  matter  fits  the  slickensided  wall  as  wax  in 
a  mould,  and  the  metamorphic  action  is  so  slight  as  to  be  appre¬ 
ciable  only  for  a  few  inches.  Had  the  Government  experts  only 
visited  several  of  the  dikes  with  the  iron  belts,  instead  of  only  the 
one,  they  too  could  not  have  helped  to  find  the  evidences  conclu¬ 
sive  that  the  Chupadera  irons  are  not  contact  deposits  in  any  sense 
of  the  word.  As  it  is,  their  other  categorical  assertions  concern¬ 
ing  the  genesis  of  New  Mexican  ore  deposits  are  now  open  to 
serious  question.  Keyds. 

Oil  Pools  in  Flat  Arches  in  Montana.  A  most  important  geo¬ 
logical  discovery  recently  made  in  Montana  was  the  striking  of  oil 
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in  commercial  quantities  in  one  of  the  minor  domes  on  the  Sweet- 
grass  arch.  The  significant  geological  feature  of  the  occurrence 
lies  in  the  fact  that  the  oil  occupies  one  of  the  so-called  “flat  struc¬ 
tures,”  which  heretofore  have  not  yielded  commercial  quantities 
of  oil  in  the  Northwest. 

So  uniformly  disappointing  have  been  the  results  of  oil  drilling 
throughout  the  Northwest,  especially  in  Wyoming  and  Montana, 
in  folds  whose  limbs  do  not  dip  at  least  in  places  at  angles  of  more 
than  ten  to  fifteen  degrees,  that  geologists  have  been  decidedly 
guarded,  if  not  actually  discouraging,  in  their  reports  on  such 
structures,  even  where  other  conditions  have  been  favorable.  Such 
were  the  conditions  in  the  Rocky  Ridge  dome  in  the  Sweetgrass 
arch,  where  oil  was  discovered  by  the  Gordon  Campbell-Kevin 
Syndicate,  on  March  14,  1922. 

The  well  is  located  in  section  16,  township  35  N.,  range  3  W., 
on  the  flanks  of  the  Sweetgrass  arch,  which  is  a  huge,  northerly 
plunging,  flat-topped  anticline,  130  miles  long  by  eighty  miles  wide. 
The  well  is  only  a  mile  from  the  surrounding  escarpment  of  the 
Cretacic  Virgelle  standstone,  and  was  started  in  the  Coloradan 
shales  which  are  exposed,  throughout  the  arch,  inside  of  the 
bounding  escarpment.  After  the  drill  had  penetrated  both  the 
Coloradan  and  Comanchan  (Kootenai)  formations,  the  latter 
furnishing  enough  gas  for  the  boiler  and  other  camp  require¬ 
ments,  oil  was  obtained  at  a  depth  of  1,770  feet  in  a  sandstone, 
presumably  the  Ellis  (Jurassic)  formation,  although  some  have 
considered  it,  because  of  the  depth  and  the  presence  of  limestone, 
to  be  the  Madison  (Mississippian)  formation.  From  surface  ob¬ 
servations,  there  does  not  appear  to  be  a  dip  greater  than  two 
degrees  near  the  well,  although  dips  as  high  as  five  degrees  are 
found  in  places  on  the  flanks  of  the  arch. 

The  amount  of  oil,  which  is  a  paraffine  base  type  of  32.2° 
Baume,  has  not  been  determined,  but  one  pumping  test  of  six 
hours  resulted  in  100  barrels.  It  can  not  be  supposed,  however, 
that  a  production  of  even  100  barrels  a  day  can  necessarily  be 
maintained  for  any  considerable  length  of  time.  Nevertheless, 
the  well  has  clearly  demonstrated  that  oil  has  migrated  up  the 
very  low  dips  of  the  Sweetgrass  arch  and  has  accumulated  in  com¬ 
mercial  amounts  in  one  of  the  “flat  structures”  of  the  northwest. 

If  further  development  proves  that  oil  occurs  throughout  the 
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northern  part  of  the  Sweetgrass  arch,  or  in  the  minor  domes  on 
the  northern  part  of  the  arch,  the  discovery  will  prove  to  be  one  of 
vast  economic  importance  to  Montana.  That  such  is  the  case 
seems  to  be  indicated  by  a  second  success  in  the  Sunburst  Oil  and 
Gas  Company’s  well  in  section  34,  township  36  N.,  range  2  W.,  on 
June  5.  The  Sunburst  well  is  producing  at  a  depth  of  1,560  feet, 
from  a  sandstone  in  the  Kootenai  formation,  about  300  feet  strati- 
graphically  above  the  producing  sand  in  the  Kevin  well. 

Clapp 

Antimony  Deposits  in  Okanogan  Valley,  Washington.  When 
World’s  War  conditions  sent  antimony  prices  soaring  from  five 
cents  a  pound  to  fifty  and  the  Government  commandeered  all  im¬ 
mediate  stocks  for  ammunition  purposes,  large  users  of  the  metal 
had  to  scour  the  country  for  new  deposits.  Normal  purchasers 
scurried  hither  and  thither  over  the  country  through  all  of  the 
mining  districts  wherever  the  metal  had  ever  been  reported.  Among 
the  occurrences  thus  revealed  were  some  then  recently  discovered 
prospects  in  the  Okanogan  River  valley  in  north-central  Wash¬ 
ington. 

The  deposits  occur  under  the  shadow  of  the  lofty  White  Stone 
Peak,  about  five  miles  northwest  of  Tonasket,  a  station  on  the 
Oroville  Branch  of  the  Great  Northern  railroad.  The  country 
rocks  are  mainly  bedded  volcanics  inclined  at  an  angle  of  forty 
degrees.  Part  of  the  country  is  a  dark  colored  porphyry,  having 
a  very  fine-grained  or  almost  glassy  ground-mass.  On  the  White 
Stone  Mountain  nearby  the  bedded  volcanics  have  a  thickness  of 
upwards  of  2,000  feet. 

A  number  of  parallel  veins  are  disposed  about  twenty-five  feet 
apart,  and  occupy  fault-planes.  These  veins  are  from  a  few  inches 
to  two  or  three  feet  in  thickness.  Wherever  the  fault-planes  are 
intersected  by  the  major  bedding  planes  enlargement  of  the  ore- 
body  takes  place.  Smaller  off -shoots  penetrate  the  shattered  rock 
in  all  directions,  so  that  often  the  country  rock  assumes  the  role 
of  a  low-grade  ore-body.  The  main  tunnel  happens  to  be  driven 
at  right  angles  to  the  fault  courses,  and  thus  cuts  a  number  of 
veins  in  succession.  A  cross-section  of  the  hill  on  which  the  chief 
operations  are  conducted  is  indicated  graphically  by  the  subjoined 
cut  (figure  10). 
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As  the  common  sulphide  of  antimony,  stibnite,  the  ore  in  the 
main  is  massive,  but  coarse-grained,  and  aside  from  the  country 
rock  fragments  it  contains  very  little  foreign  material.  Large 
crystals  of  stibnite,  with  highly  polished  surfaces,  also  occur,  that 
are  as  pure  as  any  known.  These,  of  course,  are  high  in  the  metal 
content,  and  probably  run  about  70  per  cent,  the  chemically  pure 
product  being  71.8  per  cent. 


Assays  made  of  fifteen  samples  taken  from  different  parts  of 
the  workings  gave  an  average  result  of  over  36  per  cent  antimony. 
The  special  tests  for  the  other  metals  were :  Gold,  none ;  silver, 
trace;  antimony,  36.40;  tin,  none;  copper,  none;  iron,  4.90;  zinc, 
none;  and -lead,  none.  The  analyses  indicate  an  ore  of  remarkable 
purity  for  the  manufacture  of  antimony  white,  which  is  used  so 
largely  to  give  body  to  the  coating  of  enamelware.  This  will  be 
the  chief  use  of  the  metal  now  that  the  amunition  demands  of  the 


war  are  over. 


Keyes. 
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The  White  Stone  antimony  deposits  have  special  bearing  upon 
the  theme  of  depths  at  which  mineralization  takes  place  and  con¬ 
tact  sulphides  of  the  metals  are  formed.  Of  late  it  is  the  custom 
to  regard  garnet-contact  ores,  for  example,  as  taking  place  only 
under  such  high  temperatures  as  the  critical  point  of  water,  or  350 
degrees,  and  under  great  pressure  of  not  less  than  200  atmo¬ 
spheres,  or  a  rock  cover  four  to  eight  miles  thick.  While  these 
figures  appear  to  be  excessive  in  some  cases,  the  White  Stone 
mineralization  indicates  that  the  process  of  contact-ore  forming 
may  at  times  go  on  also  at  relatively  shallow  depths. 

In  some  respects  antimonic  alteration  of  wall-rock  is  different 
from  mineralization  by  some  of  the  other  metallic  ores.*  Anti¬ 
mony  volatilizes  at  temperatures  so  low,  that  in  the  manufacture 
of  the  oxide  white  the  comminuted  ore  is  passed  slowly  over 
plates  heated  to  dull  redness.  It  may  be  for  reason  of  this  very 
fact  that  in  veins  of  complex  ores  the  antimony  easily  separates 
from  the  other  metals  and  collects  very  close  to  the  surface  of  the 
ground,  at  depths  measurable  in  tens  or  hundreds  of  feet,  instead 
of  thousands  of  feet,  or  miles,  as  theory  demands. 

Vein-filling  in  the  White  Stone  Peak  deposits  is  thus  caught  in 
one  of  its  very  earliest  and  incomplete  stages,  a  stage  long  since 
lost  in  most  veins  that  we  know.  With  depth  we  might  expect  in 
the  White  Stone  veins  change  to  a  lead  facies,  then  to  silver-lead 
tenor,  and  perhaps  then  to  copper  and  gold.  So  it  is  probable 
that,  according  to  the  amount  of  denudation  experienced  in  the 
region,  all  of  these  stages  may  be  revealed  in  the  same  district. 
Launay’s  pregnant  suggestion  concerning  the  effects  of  profound 
erosion  in  uncovering  those  parts  of  veins  which  were  originally 
great  distances  from  the  surface  has  therefore  vast  practical  pos¬ 
sibilities  in  local  ore  developments,  despite  the  circumstance  that 
so  many  mining  men  have  accepted  literally  the  theoretical  ex¬ 
tremes.  By  slight  modification  of  the  premises  ore  exploration  in 
veins  may  still  be  vastly  promoted  and  results  precisely  predicted 
by  proper  attention  to  the  theoretical  requirements. 
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ROLLIN  D.  SALISBURY 
By  Charles  Keyes 

With  the  demise  of  Professor  Rollin  D.^  Salisbury,  a  few  days 
ago,  American  Geology  is  again,  within  the  year,  called  upon  to 
mourn  the  loss  of  one  of  its  great  teachers,  the  one  personage  of 
all  whom  it  could  ill  afford  to  spare.  A  rare  product  among  its 
devotees  is  no  more,  the  well-rounded  man,  combining  broad  cul¬ 
ture,  scientific  spirit,  catholicity  of  interests,  and  universality  of 
sympathies.  Keen  observer  and  successful  investigator,  a  teacher 
of  magnetic  fervor,  with  polished  fluency  and  trenchant  illustra¬ 
tion  as  a  lecturer,  Salisbury  will  long  live  in  memory  in  our 
halls  of  learning.  There  can  be  no  compensation  in  the  hour  of 
oun  great  bereavement. 

Small  is  the  need  for  one,  before  scientific  brethren  who  gather 
around  his  bier,  to  speak  in  words  of  eulogy  of  our  departed 
friend.  Nothing  can  be  added  to  the  high  esteem  in  which  our 
noble  confrere  will  be  ever  held  by  those  of  us  who  are  left  be¬ 
hind.  The  page  of  his  useful  life  lies  open  before  us;  it  requires 
no  intricate  interpretation.  His  charm  of  contact,  his  high  pur¬ 
pose,  his  dominant  personal  characteristics  which  endeared  him 
to  every  friend  are  deeply  imprinted  upon  the  hearts  of  every  one 
who  held  privilege  to  know  him  well.  It  is  indited  in  gilded  letters 
upon  the  pavement  of  the  Temple  of  Isis :  “I  am  all  that  has 

1  Although  he  commonly  signed  his  name  R.  D.  Salisbury  the  signatory  had  no 
middle  name. 
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been,  that  is,  and  that  shall  be;  and  none  among  mortals  has  yet 
lifted  my  veil.”  This  is,  mayhap,  the  riddle  that  we  all  go  hence 
to  guess. 

Salisbury  was  a  man  of  singular  charm  of  character,  warm  and 
generous  nature,  and  of  stainless  life;  of  unyielding  fidelity  to  his 
convictions  of  justice  and  right;  of  great  tenacity  of  opinion, 
yet  ever  willing  to  give  up  theory  and  abide  by  proven  fact;  of 
boldness  in  avowing  his  views  and  equally  sturdy  in  defending 
them.  Always  scrupulously  exact  in  his  duties  towards  his  fel¬ 
low  men,  his  life  was  an  honor  to  his  University,  to  the  commun¬ 
ity  to  which  it  belonged,  to  the  State  and  to  the  Nation. 

Amidst  the  old  Glacial  deposits,  which  were  to  prove  to  be  the 
theme  of  his  chief  efforts  in  life’s  work,  Rollin  D.  Salisbury  was 
born  at  Spring  Prairie,  Wisconsin,  on  August  17,  1858.  His 
father’s  name  was  Daniel  Salisbury;  and  his  mother’s  maiden 
name  was  Lucinda  Bryant.  After  attending  the  public  schools, 
he  matriculated  in  Beloit  College,  from  which  he  was  graduated 
with  the  class  of  1881.  Two  years  later  he  became  instructor  in 
geology  and  biology  in  his  Alma  Mater;  and  in  the  following 
year  succeeded  to  the  chair  of  geology  then  held  by  Prof.  T.  C. 
Chamberlin,  who  had  been  called  to  Government  service.  This 
post  he  held  for  seven  years.  At  the  end  of  this  period  he  ac¬ 
cepted  the  chair  of  geology  in  the  State  University  of  Wisconsin, 
at  Madison.  After  one  year  he  transferred  his  activities  to  Chi¬ 
cago  University  where  he  remained  until  his  death.  At  the  last 
mentioned  institution  he  held  the  posts  of  Professor  of  Geographic 
Geology  from  1892 ;  head  of  the  department  of  geography  since 
1893;  dean  of  the  University  Colleges  from  1894  to  1896;  and 
dean  of  the  graduate  schools  of  science  for  twenty-three  years. 
During  this  period  he  was  also  associated  in  one  way  or  another 
with  various  geological  surveys,  notably  those  of  the  United 
States,  New  Jersey,  Illinois  and  Wisconsin.  He  died  in  Chicago 
on  August  15,  1922,  from  the  result  of  a  stroke  of  paralysis  which 
befell  him  a  few  weeks  previously. 

Salisbury  never  married.  Relieved  of  giving  hostages  to  for¬ 
tune,  he  devoted  all  that  was  best  in  him  to  the  public  which  both 
in  affection  and  means  he  must  be  regarded  as  having  endowed. 
He  early  developed  into  one  of  those  rare  spirits  which  are  best 
friends,  best  masters,  best  servants,  but  not  always  best  subjects. 
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Thus  happily  freed  from  a  large  portion  of  the  profitless  petty 
duties  and  annoyances  of  domestic  obligation,  and  from  the  time¬ 
killing  amenities  imposed  by  the  conduct  of  a  proper  social  estab¬ 
lishment,  he  was  enabled  to  concentrate  all  his  best  efforts  and 
great  powers  upon  his  life’s  work.  It  was  doubtless  this  for¬ 
tunate  circumstance  that  permitted  him,  in  addition  to  his  more 
productive  activities,  to  perform  with  such  marvelous  success 
for  more  than  a  quarter  of  a  century  those  exacting  and  multi¬ 
tudinous  duties  coincident  with  the  deanship  of  one  of  the  great  . 
universities  of  our  land.  In  this  difficult  field  he  certainly  dis¬ 
played  genuine  genius.  No  one  man  alone  and  unaided  will 
probably  ever  again  fill  so  acceptibly  the  post  recently  made  vacant. 

Ideal  teacher  that  he  was  Professor  Salisbury  always  took  es¬ 
pecial  delight  in  spending  his  vacations  with  his  students  in  the 
field.  Thus  several  summers  were  devoted  to  the  New  Jersey 
work  with  Kummel,  Peat  and  Knapp.  In  similar  manner  other 
summers  were  given  up  to  the  Cordilleran  region,  the  Big  Horn, 
San  Juan  and  southern  Rockies  coming  in  successively  for  par¬ 
ticular  attention.  Devil’s  Lake  and  the  Baraboo  region  were  in 
this  way  also  frequently  visited. 

Besides  his  connection  with  the  Peary  Relief  Expedition  to 
Greenland,  Salisbury  early  spent  a  year  in  German  universities, 
during  which  period  he  also  gave  particular  attention  to  a  study 
of  the  Glacial  deposits  of  the  north  German  lowland.  Recently 
he  made  an  extended  trip  through  South  America  where  he  had 
opportunity  to  investigate  at  close  range  the  glaciation  of  the 
southern  hemisphere. 

As  Professor  Frank  Leverett  well  observes:  “The  great  educa¬ 
tional  value  of  Salisbury’s  writings  stands  out  clearly  in  all  of  his 
papers  whether  classed  as  scientific  or  as  educational.  He  was 
above  all  a  teacher,  and  the  fruits  of  his  teachings  are  to  be  seen 
in  the  well-trained  pupils  who  now  fill  important  positions  in  many 
of  the  prominent  institutions  of  learning  in  the  Middle  West.” 

Professor  Salisbury’s  greatest  service  to  science  was  unques¬ 
tionably  as  a  trainer  of  young  men ;  yet  his  contributions  to  knowl¬ 
edge  were  not  inconsiderable.  These  were  mainly  in  the  field  of 
Glacial  Geology.  Most  notable  were  the  “Preliminary  Paper  on 
the  Driftless  Area  of  the  Upper  Mississippi  Valley,”  in  conjunc¬ 
tion  with  Professor  Chamberlin,  his  glacial  studies  in  Greenland, 
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the  Geology  of  Crowley’s  Ridge  in  Arkansas,  the  investigations 
on  the  Glacial  formations  for  the  Federal  Survey,  the  work  on  the 
old  drift  and  fluvial  deposits  of  New  Jersey,  for  the  geological 
survey  of  that  state,  and  his  various  activities  in  connection  with 
the  Geological  Survey  of  Illinois. 

The  joint  memoir  on  the  Driftless  Area  is,  perhaps,  his  most 
pretentious  effort  along  the  lines  of  research.  During  the  pro¬ 
gress  of  the  investigation  it  fell  to  him  to  make  over  1800  meas¬ 
urements  of  the  soil  mantle,  and  the  microscopic  examinations  of 
the  silts.  The  problem  is  tersely  stated  in  the  introductory :  “In 
the  midst  of  the  great  mantle  of  drift  that  overspreads  the  Upper 
Mississippi  Basin  there  lies  a  drift  barren  tract  of  about  10,000 
square  miles,  the  driftless  area  of  Wisconsin  and  the  adjoining 
States.  This  island  in  the  sea  of  drift  is  unique.  To  find  that  the 
crest  of  an  eminence  towered  above  the  great  mer  de  glace  would 
not  be  remarkable;  to  find  that  the  summit  of  a  plateau  near  the 
border  of  the  drift-covered  area  lifted  itself  above  the  invading 
ice  would  create  no  surprise ;  but  to  find  a  broad  tract  lying  in  the 
very  valley  of  the  great  river  of  the  region,  overlooked  by  higher 
land  on  different  sides,  and  yet  untouched  by  the  glaciation  that 
prevailed  all  around,  very  naturally  awakens  marvel.  Strangely 
enough,  the  margin  of  the  drift  on  almost  every  hand  lies  in  a 
slope  descending  towards  the  driftless  district.  The  drift-bearing 
ice  was  stayed  in  its  course,  not  by  some  acclivity,  not  by  some 
great  topographic  barrier  it  could  not  overcome,  but  by  some 
agency  that  arrested  it  in  its  downward  career  on  the  slopes  to¬ 
wards  the  unglaciated  basin.”  At  the  end  the  entire  discussion 
is  adroitly  condensed  into  a  single  sentence:  “Diverted  by  high¬ 
lands,  led  away  by  valleys,  consumed  by  wastage  where  weak, 
self -perpetuated  where  strong,  the  fingers  of  the  mer  de  glace 
closed  around  the  ancient  Jar  din  of  the  Upper  Mississippi  Valley, 
but  failed  to  close  upon  it.” 

The  Glacial  studies  in  Greenland  were  undertaken  by  Professor 
Salisbury  when  he  was  a  member  of  the  Peary  Relief  Expedition 
of  1895 ;  and  the  chief  results  appeared  in  a  series  of  finely  illus¬ 
trated  articles  which  ran  through  the  Journal  of  Geology  during 
the  years  of  1895  and  1896.  The  introductory  paper  was  modest¬ 
ly  entitled  “The  Greenland  Expedition  of  1895.”  His  own  sum¬ 
mary  statement  concerning  the  observations  made  is  briefly  but 
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succinctly  set  forth  as  follows :  “So  far  as  concerns  the  geo¬ 
graphical  and  geological  work  of  the  expedition,  which  has  just 
returned,  it  may  be  said  that  the  coast  of  Greenland,  from  about 
64°  25'  to  78°  45',  was  seen  at  sufficiently  close  range  to  allow  of 
a  general  study  of  its  geographical  features.  This  study  was  in¬ 
terrupted  more  or  less  by  the  fog  which  hung  about  the  coast  with 
exasperating  persistency.  Nearly  the  whole  of  the  coast  of  Disco 
was  seen  under  advantageous  conditions.  At  Holstensborg,  God- 
havn,  Jakobshavn  and  Atanikerdluk,  opportunity  was  afforded 
for  a  cursory  study  of  the  local  geological  features.  At  the  last 
named  place  fossil  leaves  were  collected  in  considerable  numbers. 

“The  month  of  August  was  spent  between  the  parallels  of  75° 
50'  and  78°  45',  the  latter  being  the  most  northerly  latitude 
reached.  Between  these  parallels  nearly  every  mile  of  the  Green¬ 
land  coast  was  seen  at  close  range,  and  a  considerable  number  of 
glaciers  were  studied  in  detail.  The  American  coast  also  was  seen 
at  intervals  between  the  parallels  78°  45'  and  71°  30'.  While  few 
stops  were  made  on  this  side,  the  land  was  sufficiently  close  to  view 
to  make  the  recognition  of  its  general  features  possible.  Its  con¬ 
trast  with  the  coast  of  Greenland  in  corresponding  latitudes  was 
most  instructive. 

“In  connection  with  glacial  studies,  some  interesting  facts  were 
gathered  in  ,  connection  with  glacier  motion  and  glacier  work. 
Some  determinations  were  also  made  concerning  the  former  ex¬ 
tension  of  the  ice  in  relatively  recent  geological  times,  and  con¬ 
cerning  recent  changes  of  level. 

“In  other  lines  the  expedition  was  successful.  Of  special  in¬ 
terest  are  the  two  meteorites  which  were  secured  at  a  point  a  few 
miles  off  Cape  York.  The  Falcon  attempted  to  reach  them  in 
1894,  but  was  unable  to  do  so  on  account  of  ice.  The  larger  of 
the  stones  has  a  weight  of  something  like  three  tons,  while  the 
weight  of  the  smaller  probably  does  not  exceed  1,000  pounds. 
Both  appear  to  be  wholly  metallic.” 

From  the  viewpoint  of  the  modern  geographer  this  description 
of  the  Greenland  co^st  is  quite  the  best  and  most  remarkable  ac¬ 
count  ever  presented  on  the  physiography  of  this  northern  land. 

Of  very  different  nature  from  the  Greenland  Studies  were  the 
investigations  “On  the  Relationships  of  the  Pleistocene  to  the 
pre-Pleistocene  Formations  of  Crowley’s  Ridge  and  Adjacent 
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Areas  beyond  the  Limit  of  Glaciation,”  which  was  set  forth  in 
a  long  special  chapter  of  R.  Ellsworth  Call’s  report  on  the  region, 
as  one  of  the  monographs  of  the  Arkansas  Geological  Survey  un¬ 
der  the  directorship  of  Dr.  John  C.  Branner.  The  scope  of  the 
thesis  was  briefly  but  clearly  stated:  “In  the  central  part  of  the 
basin  of  the  Mississippi  River,  below  the  latitude  of  glaciation,  the 
difference  between  the  deposits  made  by  the  waters  originating  in 
the  melting  ice  and  the  subjacent  strata  appears  to  be  much  less 
obvious  than  in  many  other  regions.  In  consequence,  the  recog¬ 
nition  of  the  Pleistocene  formations  along  the  course  of  the  Missis¬ 
sippi  south  of  the  limit  of  the  general  drift  sheet,  and  therefore 
the  correlation  of  the  northern  and  southern  Pleistocene  forma¬ 
tions  has  not  been  free  from  difficulties.  Crowley’s  Ridge,  run¬ 
ning  from  Helena  northward  to  the  northern  boundary  of  the 
State  and  beyond,  lies  within  the  region  where  correlation  is  most 
difficult. 

Northern  Glacial  drift  does  not  exist  on  Crowley’s  Ridge  at 
any  point,  nor  does  the  northern  terminus  of  the  Ridge  reach  the 
southern  limit  of  ice-action  during  the  age  of  ice.  Nevertheless 
the  Ridge  was  affected  by  one  of  the  agencies  operative  in  the 
Glacial  Period.  In  common  with  the  other  highlands  bordering 
the  Mississippi  Valley,  Crowley’s  Ridge  is  essentially  covered  by 
loess.  With  minor  interruptions  due  to  erosion  subsequent  to  the 
deposition  of  the  loess,  this  formation  is  laterally  continuous  with 
the  loess  which  reaches  northward  to  and  beyond  the  southern 
limit  of  Glacial  drift,  where  the  relations  of  the  two  formations 
are  easily  determinable.  This  continuous  sheet  of  loess,  in  its 
relationship  to  the  drift,  which  underlies  it  at  the  north,  and  to 
extra-drift  formations  which  underlie  it  at  the  south,  furnishes 
one  of  the  best  means  now  at  command  for  determining  the  rela¬ 
tions  between  the  Pleistocene  and  pre-Pleistocene  formations  in 
the  area  south  of  the  limit  of  glaciation.” 

This  was  a  masterly  attempt  to  derive  from  the  same  source 
genetically  the  southern  loess  mantle  along  the  Mississippi  River 
and  the  northern  Glacial  drift  sheets.  But  in  that  day  no  such 
thing  as  a  special  desert  geology  was  dreamed  of,  nor  was  the 
loess  and  the  black  loams  of  the  prairies  yet  connected  with  the 
gray  adobe  soils  of  the  arid  regions,  the  exported  dusts  from  the 
deserts.  The  chief  arguments  urged  for  the  origin  of  the  loess 
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when  reached  from  the  northeast  proved  ten  times  more  effective 
when  approached  from  the  southwest.  Some  of  the  gravels  of  the 
Mississippi  Embayment  were  regarded  as  pre-Pleistocene  in  age 
and  with  them  were  correlated  the  gravels  of  the  Driftless  Area 
of  Wisconsin,  Iowa  and  Minnesota. 

Of  his  work  on  the  United  States  Geological  Survey,  in  differ¬ 
ent  parts  of  the  country,  much  might  be  said.  He  wrote  the  glacial 
sections  of  a  number  of  the  atlas  folios  of  Wyoming,  New  Jersey, 
Pennsylvania  and  New  York. 

The  work  in  New  Jersey  prosecuted  while  Geologist  in  Charge 
of  the  Pleistocene  Deposits  on  the  New  Jersey  State  Survey  called 
forth  many  memoirs  and  several  more  pretentious  monographs. 
Of  the  latter  the  one  on  the  Physical  Geography  of  New  Jersey 
is  a  model  for  a  state  report  on  this  subject;  while  the  report  on 
the  Glacial  Geology  of  New  Jersey  formed  a  bulky  volume  of 
800  pages  illustrated  by  over  sixty  plates.  The  descriptions  of  the 
old  drift  and  the  fluvial  deposits  are  especially  noteworthy.  Be¬ 
sides  giving  full  discussion  of  the  character,  distribution  and 
origin  of  the  Glacial  drift  of  the  State,  there  are  instructive  chap¬ 
ters  on  the  development  of  the  eastern  ice-sheet,  and  on  the  relief 
and  drainage  changes  produced  by  it.  This  volume  contains  also 
what  is  his  most  complete  account  of  the  history  and  causes  of 
Glacial  climate. 

Serving  for  several  years  as  member  of  the  Commission  on  the 
Geological  Survey  of  Illinois,  to  which  he  was  appointed  by  Gov¬ 
ernor  Frank  O.  Lowden,  he  was  able  to  guide  the  investigations 
into  most  productive  channels.  It  would  be  difficult  to  measure 
fully  the  great  activities  which  he  entered  into  in  this  connection. 

Professor  Salisbury  especially  excelled  in  the  preparation  of 
geological  text-books  for  students.  His  chief  work  in  this  direc¬ 
tion  was,  of  course,  in  collaboration  with  Professor  Chamberlin, 
in  three  volumes.  This  well-known  work  will  long  remain  the 
standard  American  exposition  of  the  subject  of  Geology.  For 
college  use  an  abridged  edition  in  one  volume  was  issued.  An¬ 
other  important  text  was  the  Physiography,  in  one  bulky  volume 
of  800  pages.  Then  there  was  a  series  of  laboratory  manuals  by 
Salisbury  and  Trobridge,  such  as  the  Interpretation  of  Geologic 
Maps,  Laboratory  Exercises  in  Structural  and  Historical  Geology, 
and  Studies  in  Geology.  A  series  of  little  monographs  on  physio- 
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graphy  was  prepared  for  several  of  the  State  surveys.  To  this 
class  belonged  also  such  succinct  sketches  as  the  Geography  of 
Chicago  and  its  Environs. 

Besides  these  major  works  Professor  Salisbury  published  a 
large  number  of  other  memoirs  and  papers,  mainly  on  Glacial 
Geology,  and  these  appeared  in  the  transactions  of  the  learned 
societies,  and  in  the  various  scientific  journals. 

During  the  last  fifteen  years  of  his  life  our  great  teacher  wrote 
but  little.  The  constantly  and  rapidly  growing  duties  of  an  ex¬ 
acting  administrative  character  crowded  out  every  effort  towards 
creative  productivity.  It  is  another,  among  many  notable  in¬ 
stances  recently,  of  the  tremendous  toll  in  mentality  which  our 
institutions  of  learning  take  when  they  inveigle  a  good  investiga¬ 
tor  into  alluring  fields  which  commoner,  unoriginal  and  less  zeal¬ 
ous  minds  may  just  as  well  be  made  to  occupy. 

Professor  Salisbury  was  a^man  of  commanding  presence.  He 
was  tall  and  robust  yet  agile.  A  very  swave  and  discrete  execu¬ 
tive  proved  Dean  Salisbury.  His  was  an  elegant  and  graceful 
person.  His  mind  was  disciplined  by  profound  study,  and  illum¬ 
inated  by  much  learning.  He  was  cultured  in  the  amenities  of 
society.  His  conversation  was  delightful;  and  he  was  an  essen¬ 
tially  handsome  man.  Everywhere  in  college  society  he  was 
hien  venu.  There  was  nothing  of  the  uncouth  in  his  conduct. 
As  a  bachelor  it  was  not  incumbent  upon  him  to  return  to  the  full 
the  hospitalities  of  which  he  was  the  object.  By  all  he  was  es¬ 
teemed  as  being  a  very  honest,  straightforward  and  unpretentious 
man.  And  his  friendship  was  widely  courted. 

It  is  as  a  great  teacher  that  the  name  of  Rollin  D.  Salisbury  will 
be  chiefly  and  longest  remembered. 
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OFFICIAL  OPENING  OF  THE  MUSEUM  AND  LIBRARY 
OF  THE  GEOLOGICAL  SURVEY  OF  CHINA 

By  Dr.  H.  T.  Chang 

Acting  Director  of  Geological  Survey  of  China 

\ 

In  the  process  of  reconstruction  and  adaptation  to  modern  con¬ 
ditions,  which  China  is  at  the  present  time  undergoing,  the  intro¬ 
duction  of  scientific  research  and,  concurrently,  the  establishment 
of  scientific  Government  bureaus  are  absolutely  essential  to  the 
success  of  the  movement.  To  rather  narrow  circle  of  interested 
mining  men  and  scientists,  it  has  long  been  known,  that  the 
Geological  Survey  of  China,  established  in  1916,  has  been  making 
steady  progress,  both  in  the  way  of  supporting  the  mining  in¬ 
dustry  with  expert  advice,  and  in  accumulating  scientific  data 
and  material  to  such  an  extent  that  it  has  been  recognized  abroad 
as  a  factor  in  the  international  cooperation  for  the  geological 
exploration  of  the  earth. 

Work  of  the  Geological  Survey  has  been  carried  on  in  quite 
an  unostentatious  way,  and  little  of  an  exciting  nature  has  tran¬ 
spired  in  connection  with  its  activities  outside  of  professional 
circles,  until  July  17,  of  this  year,  when  the  institution  was 
officially  thrown  open  to  the  public,  with  appropriate  inaugural 
ceremonies  by,  and  in  the  presence  of  H.  E.  President  Ei  Yuan 
Hung. 

Before  giving  an  account  of  these  exercises,  it  may  be  well 
briefly  to  review  the  development  of  the  Survey  and  its  achieve¬ 
ment  up  to  the  present  time. 

Geological  Government  Surveys  have  been  established  during 
the  last  half  century  in  all  civilized  states.  The  principal  aims  of 
these  institutions  are  threefold:  (1)  to  promote  the  knowledge  of 
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the  mineral  resources  of  the  country,  (2)  to  carry  on  a  general 
geologic  survey  of  the  whole  country  upon  a  uniform  scale,  and 
(3)  to  undertake  scientific  geological  research. 

In  the  first  of  these  fields  the  Geological  Survey  of  China  can 
already  point  to  a  creditable  series  of  achievements,  such  as  the 
discovery  and  survey  of  a  large  number  of  iron-ore  deposits, 
which  will  soon  be  described  in  a  monographic  report,  and  the 
examination  of  numerous  coal-fields,  as  well  as  metalliferous  de¬ 
posits.  Among  the  latter  are  the  antimony  and  mercury  deposits, 
which  have  already  been  described  in  the  Bulletins  issued  by  the 
Survey. 

The  general  survey  of  the  country  has  so  far  been  restricted 
to  the  provinces  of  Chihli,  Shantung,  Shansi,  Honan,  and  Kiangsu, 
the  larger  part  of  those  provinces  being  already  mapped.  It  is 
the  intention  of  the  Survey  to  publish  sheet  maps  of  the  whole 
of  China  upon  the  scale  'of  one  to  one  million,  and  four  such 
sheets  are  now  in  preparation. 

The  scientific  work  of  the  Survey  has  been  confined  principally 
to  the  study  and  description  of  the  fossil  remains  occurring  in  the 
various  geological  formations,  and  to  the  determination  of  stra¬ 
tigraphic  horizons.  The  Survey  has  had  the  advantage  of  the 
cooperation  of  the  well  known  paleontologist.  Dr.  A.  W.  Grabau, 
formerly  professor  in  Columbia  University,  New  York,  who  has 
already  made  great  progress  in  describing  the  invertebrate  fossils. 

A  number  of  Swedish  scientists,  acting  as  associate  paleontolo¬ 
gists  to  the  Survey,  have,  with  a  Swedish  fund,  made  extensive 
collections  of  fossil  plants,  fossil  mammals  and  the  remains  of 
prehistoric  man,  and  these  are  now  being  studied  by  them.  The 
results  of  these  studies,  together  with  Dr.  Grabau’s  investigations 
on  the  invertebrate  fossils,  will  be  published  in  the  Paleontologic 
Sinica,  a  series  of  monographs,  which  is  intended  to  comprise,  as 
far  as  possible,  descriptions  and  illustrations  of  all  the  fossils  of 
China. 

Early  in  the  history  of  the  Survey,  the  collections  brought  to¬ 
gether  by  the  field  geologists,  were  arranged  to  form  a  small 
museum.  This  has  grown  constantly,  until  now  it  comprises 
3,250  specimens  of  ores,  minerals,  rocks  and  fossils,  properly 
labeled  and  exhibited  under  glass,  in  the  compound  of  the  Sur¬ 
vey,  west  city,  Fong  Shong  Hutung,  No.  3. 
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In  order  to  bring  together  an  up-to-date  geological  library, 
the  Director  of  the  Survey,  Dr.  V.  K.  Ting,  approached  private 
gentlemen,  as  well  as  mining  companies,  requesting  them  to  con¬ 
tribute  to  a  Library  fund.  Through  their  generous  response, 
forty  thousand  dollars  were  collected,  and  with  this  fund  Dr. 
Ting  has  been  able  to  erect  a  modern  library  building  and  bring 
together  a  collection  of  geological  literature  comprising  at  pre¬ 
sent  8873  volumes.  President  Li  Yuan  Hung  has  taken  a  leading 
role  among  the  individual  donators,  while  among  the  mining  com¬ 
panies  the  Kailan  Mining  Administration  stands  foremost  through 
the  generosity  of  its  donation. 

It  has  been  considered  by  the  Minister  of  Agriculture  and  Com¬ 
merce,  and  by  the  Director  of  the  Geological  Survey,  that  this 
institution  has  now  reached  such  a  stage  of  development,  that  it 
is  appropriate  to  throw  the  museum  and  the  library  open  to  the 
public.  The  opening  ceremony  took  place  on  the  17th  of  July, 
at  four  in  the  afternoon,  in  the  lecture  hall  of  the  Survey,  and 
in  the  presence  of  a  distinguished  gathering  of  Chinese  officials, 
headed  by  President  Li  Yuan  Hung,  who  himself  a  leading 
donator  to  the  Library  fund,  gave,  by  his  presence,  renewed 
evidence  of  his  scientific  interest  and  democratic  spirit.  Among 
other  notable  guests,  may  be  specially  mentioned,  the  Minister  and 
Vice-Minister  of  Agriculture  and  Commerce,  Their  Excellencies, 
Chang  Kuo  Kan  and  Chiang  Tien  To,  the  chiefs  of  the  different 
departments  of  the  Ministry  of  Agriculture  and  Commerce;  and 
delegates  from  other  government  museums  in  Peking,  as  well  as 
many  of  the  donators  and  other  representatives  of  the  mining  in¬ 
dustry. 

The  guests  were  welcomed  by  the  Director  of  the  Survey,  Dr. 
Ting,  in  the  following  words: 

“H.  E.  the  President,  Their  Excellencies,  the  Minister  and  the 
Vice-Minister,  our  honoured  guests,  and  my  colleagues;  It  is  my  great 
privilege  and  pleasure  to  welcome  you  most  heartily  on  behalf  of  the 
Geological  Survey.  First  of  all,  I  must  thank  the  President,  not 
only  because  he  condescends  to  come  to  this  ceremony,  but  also  be¬ 
cause  he  is  one  of  the  contributors  to  our  building  fund.  In  foreign 
countries  it  is  not  uncommon  for  the  official  head  of  the  state  to  be 
present  at  the  opening  of  a  similar  scientific  institution,  but  so  far  as 
I  know,  this  is  the  first  time  in  China,  that  the  President  of  the  Re¬ 
public  'honours  such  an  occasion  by  his  presence.  This  indicates  the 
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scientific  interest  as  well  as  the  democratic  spirit  of  our  President, 
for  which  we  are  sincerely  grateful. 

“Secondly,  I  must  thank  the  donators  to  our  building  fund.  With¬ 
out  their  generous  help  we  would  be  still  without  a  library.  Further 
more  they  have  come  here  today  in  spite  of  this  very  hot  weather,  so 
that  we  may  have  an  opportunity  to  thank  them  publicly,  and  to  show 
them  what  we  have  done  with  their  money.  It  proves  the  real  in¬ 
terest  they  take  in  our  institution.  I  may  add  that  this  is  also  the 
first  time  that  private  generosity  has  helped  a  scientific  institution 
belonging  to  the  Government. 

“Thirdly,  I  must  thank  my  official  superiors  in  the  Ministry  of 
Agriculture  and  Commerce,  In  spite  of  the  political  changes  that 
have  taken  place,  they  have  always  given  us  their  support.  They  have 
not  only  provided  us  with  sufficient  funds  in  the  time  of  great 
financial  stringency,  but  they  have  also  left  to  their  responsible 
subordinate  a  great  deal  of  freedom  in  administration,  and  in  the 
appointment  of  the  staff.  Thus,  with  the  exception  of  three  men  in 
charge  of  the  business  part  of  the  institution,  practically  all  the  mem¬ 
bers  are  technical  men.  Again  there  is  not  a  single  extra  man  ap¬ 
pointed  beside  the  regular  members,  whose  number  is  determined 
by  the  rules  of  the  organization  Whatever  result  we  have  been  able 
to  achieve,  is  entirely  due  to  the  confidence  and  guidance  of  our 
superiors. 

“Fourthly,  I  take  this  occasion  to  thank  the  members  of  my  staff 
for  their  loyal  cooperation.  Because  of  the  smallness  of  the  staff,  we 
are  not  able  to  put  men  solely  in  charge  of  the  library  and  the 
museum.  Practically  every  member  has  done  his  part,  in  order  to 
render  this  opening  possible.  During  this  summer  all  'have  worked, 
through  all  the  day,  instead  of  only  half  a  day,  as  in  most  of  the 
government  bureaus,  and  recently  they  have  even  worked  on  the 
national  holidays  and  on  Sundays.  I  therefore  tender  to  both  my 
foreign  and  Chinese  colleagues  my  personal  gratitude,  and  desire  to 
tell  our  guests  frankly  that  the  results  of  the  Survey,  such  as  they 
are,  have  been  the  work,  not  of  one  or  two  men,  but  of  all  the  mem¬ 
bers  of  the  organization. 

“For  a  summary  of  the  history  and  the  functions  of  the  Geological 
Survey  I  refer  you  to  the  printed  pamphlets.  I  wish  only  to  tender 
to  you  once  more  our  sincere  thanks,  before  I  respectfully  request 
the  President  to  deliver  his  address.” 

Following  Dr.  Ting’s  welcoming  remarks,  H.  E.  The  President 
of  China  declared  the  Geological  Survey  Library  and  Museum 
opened  to  the  public  in  the  following  words: 

“Geology  is  by  no  means  a  new  science  in  China;  indeed,  it 
originated  here  in  very  ancient  times.  In  the  book  of  Yu,  the  nature 
and  color  of  soils  were  carefully  discriminated.  In  the  Chow 
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Dynasty,  a  mining  and  geographical  staff  formed  an  important  branch 
of  the  government  organization.  The  book  of  Kwoitzu  touches  even 
on  the  principles  of  ore  deposition  and  the  manner  of  locating  ore 
deposits.  Since  the  Dynasty  of  Han  and  Wei,  trained  specialists  on 
copper  and  silver  were  constantly  employed  by  the  government. 
Though  their  knowledge  was  fragmentary,  and  their  results  frequently 
inconsistent  with  modern  ideas,  we  can  not  help  thinking,  that  the 
achievements  of  those  pioneej  workers  entitle  them  to  be  considered 
as  forerunners  of  the  great  army  of  investigations  in  the  modern 
science  of  geology.  It  is  only  because  of  the  lack  of  system  in  the 
methods  of  study  of  the  ancient  Chinese,  that  we  are  at  present  far 
behind  other  countries  in  this  branch  of  science.  As  a  result  of  this 
neglect  in  the  development  of  this  important  branch  of  knowledge, 
our  people  remain  poor  and  -miserable,  because  we  are  not  equipped 
with  the  necessary  knowledge  to  develop  our  vast  resources,  which 
are  at  present  almost  untouched. 

“As  is  well  known,  geology  is  most  intimately  related  to  mining, 
while  mining  is  the  foundation  of  a  nation’s  prosperity.  Important 
and  fundamental  though  they  are,  our  government  has  paid  no  atten¬ 
tion  to  such  investigations,  until  very  recently. 

“The  Geological  Survey  of  China  was  organized  in  1913,  two  years 
after  the  revolution.  Having  spared  no  efforts  to  overcome  the 
many  and  serious  obstacles  in  its  path,  this  Survey  has  now  reached  its 
present  enviable  position.  This  is  due  entirely  to  the  efficient  ad¬ 
ministration  of  its  officers,  and  the  ambitious  labors  of  all  its  members. 
Under  almost  all  kinds  of  difficult  conditions,  the  members  of  the 
Survey  have  willingly  and  earnestly  enlisted  to  perform  their  duty  — 
the  work  of  collecting  facts  and  materials,  the  mapping  of  many 
districts,  and  the  study  of  the  various  problems  conneeced  with  the 
mining  industry.  Recently  the  Survey  has  purchased  a  large  number 
of  books  in  Europe,  America,  and  Japan,  to  serve  the  needs  of  its 
ever  growing  activities.  In  1920,  the  new  Museum  and  Library  were 
established,  this  being  made  possible  by  contributions  from  outside 
sources.  With  these  facilities,  the  Survey  is  now  able  to  arrange,  in 
systematic  manner,  all  the  minerals,  ores,  rocks,  fossils,  and  books 
collected  from  time  to  time. 

“To-day  is  the  opening  day  for  the  public  exhibition  of  the  newly 
established  Museum  and  Library,  and  I  have  the  great  honor  to  be 
present  on  this  occasion.  I  found,  in  the  Library,  books  on  diverse 
phases  of  the  science  of  geology  and  its  kindred  subjects,  well  classi¬ 
fied  and  arranged,  and  in  the  Museum,  specimens  of  almost  all  the 
varieties  of  minerals,  rocks,  and  fossils  of  this  country,  accompanied 
by  descriptive  matter  and  illustrative  maps  and  sections.  It  is  realy 
a  wonderful  and  marvelous  exhibit.  I  am  very  sure  that  both  the 
industrial  and  the  scientific  world  will  be  greatly  benefited  by  the 
existence  of  such  an  organization  as  this.  May  I  congratulate  you. 
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my  dear  members  of  the  Survey,  on  the  success  of  your  work,  and 
the  opportunity  you  have  for  the  future  development,  in  this  country, 
of  science  and  industry,  for  these  are  the  foundations  of  our  nation’s 
prosperity.” 

The  next  speaker  was  H.  E.,  Chang  Kou  Kan,  The  Minister  of 
Agriculture  and  Commerce,  who  spoke  as  follows: 

“Geological  investigation  of  the  country  is  a  technical  and  scienti¬ 
fic  subject,  as  well  as  a  necessary  branch  in  the  government  organiza¬ 
tion.  In  order  to  lay  the  foundation  for  industries  depending  on  natural 
resources,  and  to  point  the  way  for  their  development,  such  investiga¬ 
tion  is  absolutely  essential.  When  I  myself  served  as  the  head  of 
the  Ministry  in  former  times,  I  tried  hard  to  promote  this  kind  of 
investigation.  Owing  to  the  lack  of  funds,  how'ever,  this  organization 
was  not  able  to  expand  as  it  should  have.  Now  the  President  has 
taken  the  lead,  followed  by  many  of  our  mining  people,  in  contributing 
towards  the  building  of  the  library,  and  the  expansion  of  the  Museum. 
All  signs  indicate  that  the  nation  as  a  whole  places  great  hopes  in 
the  Geological  Survey.  It  is  to  be  expected  that  the  Survey  will 
expand  its  work,  and  to  complete  the  geological  atlas,  and  the 
geological  maps  of  the  important  mining  regions,  so  that  both  the 
industrial  and  the  scientific  world  will  be  profited.  Thus  we  s'hall 
be  able  to  realize  what  the  President  has  so  earnestly  hoped  for. 
Great  credit  is  also  to  be  given  to  those  who  have  made  contributions 
towards  the  realization  of  his  aim.  Such  cobperaion  between  private 
individuals,  or  companies,  and  the  Government,  is  perhaps  the  first 
of  its  kind  ever  practiced  in  this  country.” 

The  next  address  was  delivered  by  the  Vice-Minister  of  Agricul¬ 
ture  and  Commerce,  H.  E.,  Chiang  Tien  To,  who  expressed  him¬ 
self  as  follows: 

“The  main  duty  of  our  Ministry  is  to  develop  our  natural  resources, 
thereby  making  our  country  a  prosperous  one.  There  are  many  ways 
that  lead  to  this  desired  end,  but  the  survey  of  the  geology  of  the 
country  is  one  of  the  most  important.  In  the  study  of  geology  we 
must  pay  attention  not  only  to  field  work,  but  we  must  also  carry  on 
scientific  research  work.  It  is  for  this  reason  that  the  geological 
surveys  of  other  countries  are  all  equipped  with  modern  libraries  and 
museums.  The  Museum  of  this  Survey  has  been  established  for 
many  years  and  I  have  personally  visited  it  several  times.  I  found 
in  it  specimens  of  ores  and  rocks  from  all  parts  of  China,  furnishing 
a  very  good  foundation  for  research.  Owing  to  lack  of  funds,  the 
Survey  has  not  been  able  previously  to  build  a  Library.  Now  the 
President  has  taken  the  lead,  together  with  many  gentlemen  prominent 
in  the  industrial  and  mining  circles  of  this  country,  in  contributing 
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to  this  Survey  the  funds  which  have  made  possible  the  erection  and 
equipment  of  this  building.  From  now  on  the  member  of  the  Survey, 
besides  doing  field  work,  will  elso  be  able  to  carry  on  accurate  re¬ 
search  work  under  adequate  conditions.  I  am  sure  that  the  results 
thus  obtainable  will  be  profitable  to  both  the  industrial  and  the 
scientific  world.  It  is  hoped,  therefore,  that  the  members  of  the  sur¬ 
vey  will  work  with  renewed  enthusiasm,  and  give  of  their  best,  so  that 
the  high  hopes  of  the  President  and  the  Minister  may  be  realized 
to  their  fullest  extent.” 

Mr.  C.  Y.  Yen,  the  Industrial  Commissioner  of  Chili,  spoke 
next  and  expressed  his  admiration  of  the  work  already  accom¬ 
plished  by  the  Geological  Survey,  not  only  in  building  up  a  very 
efficient  organization  but  also  in  contributing  actively  to  the  in¬ 
dustrial  development  of  Chili  province. 

Mr.  F.  J.  Nathan,  the  representative  of  the  Kailan  Mining  Ad¬ 
ministration,  the  largest  donator  amongst  the  mining  companies, 
expressed  his  deep  satisfaction  with  the  well  arranged  museum 
and  considerable  library  which  the  survey  had  already  been  able 
to  bring  together.  He  was  convinced  that  the  Geological  Survey 
of  China  which  had  already  done  so  much  for  the  discovery  and 
survey  of  mineral  deposits  will  in  the  future  prove  a  powerful 
factor  in  the  development  of  China’s  mineral  industry.. 

General  Yen  Chang,  once  the  Minister  of  War,  explained  in  an 
eloquent  address  the  importance  of  the  systematic  examination 
and  development  of  the  rich  treasures  which  are  hidden  in  the 
rocks  of  China.  The  efifective  organization  of  the  Geological 
Survey  gives  good  hope  that  the  public  will  have  excellent  scienti¬ 
fic  help  in  the  promotion  of  the  national  mineral  industry. 

After  the  opening  ceremonies  the  President,  followed  by  the 
other  guests,  made  a  tour  of  inspection  of  the  library  and  the 
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BASALTIC  ROCKS  OF  NORTHERN  BAVARIA 

By  Fro^.  Sti:phen  Richarz 
New  York  City 

Although  Die  Basalt e  der  Oherpfalz  ^  was  primarily  an  intensive 
research  on  local  topics  there  were  certain  features  brought  out 
that  are  of  general  interest  and  wide  application.  Moreover  some 
of  the  results  of  broad  significance  have  particular  bearing  upon 
some  of  the  basalt  fields  of  western  America,  and  especially  those 
varied  occurrences  in  New  Mexico  and  Arizona.  The  latter  are 
very  greatly  neglected,  and  it  is  with  the  hope  that  special  investi¬ 
gations  on  them  will  be  stimulated  that  the  following  notes  are 
offered. 

All  of  the  basaltic  rocks  of  northern  Bavaria,  south  of  the 
Fichtelgebirge,  are  basalts  in  the  restricted  sense  of  the  term,  as 
the  late  Professor  Weinschenk,  my  teacher,  defines  them  in  his 
“Specielle  Gesteinskunde.”  They  are  effusive  masses,  lava  flows 
accompanied  by  tuffs,  of  Mid  Tertic  age. 

As  to  the  form  of  eruption  there  are  in  the  Oberpfalz,  numerous 
orifices  from  which  the  lavas  were  extravasated.  These  vents 
present  the  characteristics  of  being  small  and  quite  independent 
of  one  another^  except  in  those  cases  when  the  out-wellings  are 
situated  in  a  straight  line. 

Sometimes  the  eruptives  form  dikes  in  the  basaltic  tuffs  or  in 
the  older  stratified  rocks.  Often  on  a  single  dike  several  eruptive 
centers  occur,  the  materials  of  which  are  nearly  or  quite  alike. 
Only  in  one  place  does  the  basalt  out-welling  still  preserve  very 
plainly  the  circular  form  of  a  crater.  This  crater  has  a  diameter 
of  about  200  feet  and  has  vertical  walls.  The  contact  walls  of 
sandstones  and  shales  of  Triassic  age  are  still  horizontally  dis¬ 
posed  and  quite  undisturbed,  even  to  the  very  edge  of  the  lava. 

1  Zeitsch.  d.  deut,  geol.  Gesellsch.,  LXXII  Bd.,  pp.  1-100,  1920. 
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On  the  contact  itself  the  sandstones  are  fritted,  and  the  shales 
and  the  clayey  sandstones  are  altered  to  jasper.  A  few  feet  away 
from  the  contact  the  sedimentary  rocks  are  scarcely  at  all  meta¬ 
morphosed;  the  original  red  coloration  alone  is  perhaps  a  trifle 
paler;  but  at  a  distance  of  even  three  or  four  feet  no  change  is 
observable.  Finally,  in  some  localities  are  found  real  lava  out¬ 
flows,  but  these  are  seldom  of  any  considerable  extent. 

The  structure  of  the  basalt  masses  is  generally  distinctly  colum¬ 
nar.  Sometimes  the  columns  are  very  heavy  and  measure  four 
feet  or  more  in  diameter;  but  in  other  instances  they  are  of  slight 
proportions  and  small  diameter.  Often  there  are  noticeable  hori¬ 
zontal  partings.  Among  the  dikes  the  columns  are  as  usual  per¬ 
pendicular  to  the  side-walls. 

Macroscopically,  the  different  rock  occurrences  are  hardly  dis¬ 
tinguishable  from  one  another.  All  are  black,  heavy  and  dense, 
with  splintery  fracture.  Generally  neither  the  phenocrysts  of 
olivine  nor  augite  are  apparent;  but  occasionally  they  are  dis- 
cernable  in  some  of  the  small  dikes.  The  most  conspicuous  char¬ 
acteristic  of  the  basalts  is  the  inclusions  of  peridotitic  fragments 
(olivine  fels)  which  are  everywhere  in  evidence. 

In  thin  slices  under  the  microscope  three  distinct  types  of  basalt 
are  readily  distinguishable:  (1)  Nephelite  basalt,  (2)  feldspar 
basalt,  and  (3)  nephelitic  feldspar  basalt. 

In  the  nephelite  basalts  occur  well  bounded  phenocrysts  of  oli¬ 
vine,  and  brown  titanium  augite,  the  latter  having  a  violet  tint. 
This  augite  displays  zonal  structure,  especially  the  hour-glass  sort. 
It  exhibits  strong  dispersion,  mostly  in  sections  cut  perpendicular 
to  the  optic  axis  B.  Of  the  nephelite  basalts  two  sub-varieties  are 
to  be  distinguished,  (a)  Those  in  which  phenocrysts  of  olivine 
prevail,  the  augite  is  quite  rare.  The  ground-mass  consists  of 
abundant  microlites  of  brown  augite  and  magnetite*.  Nephelite 
is  present,  but  in  fragments  closely  clustered  but  without  crystal 
form.  In  the  groundmass  biotite  is  also  found,  usually  in  the 
nephelite  groups.  Glass  is  lacking,  (b)  In  the  sub-type  in  which 
the  phenocrysts  of  olivine  and  titanium  augite  are  present  in 
equal  proportions  the  ground-mass  is  composed  also  of  augite  and 
magnetite  microlites,  the  interstices  of  which  are  filled  with  form¬ 
less  nephelite  and  sometimes  with  brownish  glass.  Biotite  is  not 
present. 
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The  phenocrysts  of  the  feldspar  basalts  are  the  same  as  in  the 
last  mentioned  group  of  nephelite  basalts,  but  in  some  localities 
the  titanium  aiigite  has  a  green,  diopside-like  kernel.  The  ground- 
mass  consists  of  augite,  magnetite  and  plagioclase  (labradorite- 
bytownite).  This  plagioclase  occurs  in  very  thin  plates,  with 
lamellar  twinning^  Besides  this,  there  is  another  more  acid 
plagioclase.  This  forms  a  mesostasis,  like  the  nephelite  in  the 
group  already  mentioned. 

;Nephelite-bearing  feldspar  basalts  are  quite  similar  to  the  nor¬ 
mal  basalts,  but  with  this  diiference;  the  mesostasis  instead  of 
being  an  acid  feldspar  is  nephelite.  Glass  is  absent.  The  pleo- 
chroism  of  the  reddish  brown  substance  is  not  conspicuous,  but 
the  refraction  and  double  refraction  are  about  the  same  as  in  the 
green  substance.  Lawson  ^  gives  to  a  pseudomorphose  similar 
to  this  one  the  name  Iddingsite,  considering  it  as  an  original  min¬ 
eral  of  the  basalt.  Michel-Levy  ^  applies  the  name  mineral  rouge 
to  the  reddish-brown  substance.  Other  petrographers  speak  of  it 
as  a  rusted  olivine;  but  this  latter  denotation  is  quite  wrong. 
Doubtless  both  the  green,  and  the  reddish-brown  substances,  are 
silicates,  rich  in  iron  and  soluble  in,  and  gelatinizing  with,  cold 
hydrochloric  acid.  Moreover,  their  crystal  form  is  that  of  the 
olivine,  and  sometimes  fresh  remnants  of  this  mineral  are  notice¬ 
able. 

The  basalts  under  consideration  contain  many  inclusions.  These 
are  subject  to  careful  scrutiny.  They  are  divisable  into  two 
groups:  endogene,  or  fragments  of  plutonic  rocks,  and  exogene, 
or  fragments  of  the  older  rocks  lying  near  the  surface. 

Fragments  of  the  plutonic  rocks,  free  from  feldspar,  are  fre¬ 
quently  found  as  inclusions,  most  of  them  being  peridotites  or, 
more  properly  speaking,  Iherzolites,  composed  of  olivine  and  two 
pyroxenes,  a  monoclinic  and  an  orthorhombic.  The  diopsidic  py¬ 
roxene  is  found  to  have  been  partly  altered  into  glass  by  the  heat 
of  the  basalt,  while  the  borders  of  the  enstatite  and  hypersthene 
have  been  changed  to  olivine  and  diopside.  More  seldom  are 
found  fragments  of  pyroxenite  (Websterite).  These  are  com¬ 
posed  of  hypersthene  and  diopsidic  augite,  the  lamellae  of  the  first 
being  inter-grown  with  the  latter  and  vice  versa. 

Of  much  wider  interest  are  those  inclusions  which  have  been 

2  Bull.  Geol.  D^pt.,  University  of  California,  Vol.  I,  31  pp.,  1893. 

3  Bull.  Sec.  Geol.  de  France,  1890,  p.  831. 
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detached  by  the  basalt  from  the  older  rocks  lying  near  the  sur¬ 
face.  In  the  north,  these  are  granite;  but  in  the  south  they  are 
Triassic  sandstones  and  shales  (Keuper). 

The  influence  of  molten  basalt  upon  the  granite  is  varied;  in 
some  cases  the  granite  is  easily  recognized,  while  in  others  it  is 
almost  impossible  to  identify.  In  the  first  instance  large  frag¬ 
ments  of  rocks  are  at  once  recognized  as  granite.  However,  near 
the  included  mass  the  basalt  contains  well  bounded  diopside  and 
becomes  rich  in  a  brown  glass,  which  penetrates  the  granite.  A 
little  farther  away  from  the  basalt,  the  glass  is  colorless,  and 
shows  fluidal  structure  in  and  around  the  minerals  of  the  granite. 
In  this  glass  are  found  spinel,  cordierite,  and  sillimanite.  In  the 
original  orthoclase,  or  microcline,  the  perthitic  structure  is  well 
preserved;  but,  the  axial  angle  is  very  small,  as  in  sanidin.  The 
plagioclase  (andesine)  is  mostly  broken  into  small  fragments, 
and  these  appear  as  if  swimming,  as  it  were,  in  the  glass.  The 
orthoclase  is  veined  with  the  same  glass.  The  quartz  is  partly 
altered  into  glass  and  contains  abundant  glassy  inclusions.  In¬ 
stead  of  biotite  occurs  a  brown  glass  with  countless  octohedrons 
of  spinel. 

In  the  second  case  in  which  the  granite  inclusions  are  scarcely 
recognizable  macroscopically,  the  microscope  at  once  proves  the 
identity  of  them.  The  axial  angle  of  the  monoclinic  feldspar  in 
these  granites  is  likewise  very  small,  as  in  sanidine.  The  plagio¬ 
clase  is  nearly  always  surrounded  and  enclosed  by  a  feldspar, 
showing  the  optical  marks  of  sanidine.  The  same  mineral  is  found 
in  the  cracks  of  the  plagioclase.  The  quartz  is  broken  by  the  heat 
and  the  cracks  are  filled  with  glass.  In  other  instances  the  mineral 
is  changed  into  chalcedony.  Of  the  original  mica,  nothing  is 
visible;  in  its  stead,  and  at  its  expense,  sillimanite,  spinel,  rutile, 
and  anatase  are  formed.  Cordierite  is  missing. 

In  the  immediate  vicinity  of  the  inclusions  the  basalt  itself  is 
also  found  to  be  altered.  A  dark  zone  encircles  the  granite  frag¬ 
ments.  The  peculiarity  of  this  zone  is  that,  with  an  average 
width  of  only  one  to  two  mm,  it  contains  much  more  magnetite  and 
biotite  than  the  ordinary  basalt.  Even  the  olivine  is  more  thor¬ 
oughly  decomposed  than  usual.  This  zone  is  followed  by  another 
zone,  of  about  the  same  width,  in  which  olivine  is  very  rare, 
microlites  of  augite,  magnetite,  and  biotite  being  the  only  con- 
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stituents.  The  augites  growing  in  the  former  granite  lose  their 
brown  color  and  change  to  green.  They  are  then  larger  and  bet¬ 
ter  bounded.  It  is  even  possible  to  isolate  crystals  altogether 
similar  to  diopside,  showing  the  faces  (110),  (010),  (100)  and 
(111).  These  crystals  are  visible  under  the  microscope  as  though 
swimming  in  sanidine,  which  is  abundant  in  all  of  these  meta¬ 
morphosed  granites.  Besides  the  diopside,  there  are,  in  all  the 
inclusions,  aegirine  and  catophorite  (a  yellowish-brown  soda  horn¬ 
blende).  Both,  pyroxene  and  hornblende,  are  found  not  only  in 
independent  crystals,  but  also  intergrown  zonally. 

Sandstone  fragments  in  some  basalts  contain  nearly  the  same 
minerals  as  the  granite  inclusions  and  a  similarly  metamorphosed 
zone  surrounds  them.  But,  generally,  such  fragments  are  fritted, 
and  if  the  the  sandstone  was  rather  clayey,  it  is  changed  to  basalt- 
jasper.  Remnants  of  quartz  and  occasionally  of  feldspar  are  to 
be  found  in  this  partly  fused  matter,  as  are  also  new  minerals, 
cordierite,  spinel,  and  sillimanite. 

Besides  these  inclusions  of  altered  rocks,  there  are  also  found 
in  the  basalts  many  small  cavities  filled  with  various  minerals.  As 
being  of  more  consequence  than  others,  there  may  be  mentioned 
the  two  zeolites,  natrolite  and  phillipsite.  Both  deviate,  more  or 
less,  in  their  optical  properties,  from  all  other  known  occurrences 
of  this  kind.  Moreover,  just  as  the  basalt  in  the  immediate  vicin¬ 
ity  of  an  inclusion  is  different  from  ordinary  basalt,  so,  also,  are 
the  walls  of  these  cavities  composed  of  an  altered  basalt.  How¬ 
ever,  the  crystals  of  diopside  are  not  encompassed  by  sanidine  but 
by  zeolite.  Towards  the  center  of  the  cavity  are  the  well  bounded 
crystals  of  natrolite  and  phillipsite.  From  the  close  association 
of  the  zeolites  and  the  augite  of  the  basalt,  it  may  be  concluded 
that  the  crystallization  of  the  zeolites  must  have  begun  even  as 
early  as  the  pneumatolitic  period  of  the  basalt’s  solidification. 

Frequently  there  is  found  in  the  basalt  cavities  and  in  cavities 
of  the  inclusion,  a  greenish  mineral,  having  a  hardness  between 
that  of  gypsum  and  rock-salt.  The  structure  is  that  of  a  colloid 
—  sometimes  amorphous,  sometimes  spherulitic.  In  the  latter 
case,  the  fibres  show  double  refraction.  The  appearance  is  quite 
similar  to  that  of  cerolite,  but  it  is  impossible  to  identify  it,  either 
with  this,  or  with  any  other,  known  mineral  on  account  of  its 
chemical  composition.  According  to  the  quantitative  analysis,  it  is 
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an  aluminium-magnesium  silicate,  containing  much  water.  The 
name  Magnalite  is  proposed  for  it. 

Another  abundant  mineral  of  the  basalts  is  phosphorite.  It  is 
found  either  as  a  joint-filler,  between  columns  or  in  the  form  of 
concretions  in  the  basalt  and  its  tuifs.  Again,  the  mineral  is  ob¬ 
served  in  narrow  dikes,  crossing  the  compact  basalt  and  decom¬ 
posing  it  on  both  sides.  In  some  localities  the  basalt,  thoroughly 
impregnated  with  phosphorite,  is  in  a  condition  of  complete  decay. 
In  a  basaltic  tuff  there  were  found  pieces  of  wood  changed  into 
phosphorite.  Macroscopically,  as  well  as  microscopically,  the  wood 
structure  was  readily  recognizable.  In  all  the  phosphorites  ex¬ 
cept  the  amorphous  forms  of  the  mineral,  occur  small  crystals  of 
apatite. 

In  the  tuff,  containing  phosphoritized  wood,  silicified  trees  are 
found  with  well  preserved  cell  structures.  Without  doubt  hot 
springs,  with  a  solution  of  phosphoric  and  silicic  acid,  followed 
.  the  eruption  of  the  magma,  decomposing  the  basalt  and  at  the 
same  time  forming  phosphorite  and  silica. 

Geologists  quite  generally  use  the  term  basalt,  when  referring 
to  the  extensive  lava  flows  of  Iceland,  Scotland,  and  Ireland  and 
the  Deccan  of  India.  But  these  eruptives  differ  wholly  from 
the  basalts,  which  are  here  described,  because  they  contain  common 
augite,  not  titanium-soda-augite ;  the  amount  of  plagioclase  is 
much  greater;  nephelite  never  is  present.  Their  structure  is  not 
porphyritic  but  ophitic,  and  generally,  the  crystalline  fracture 
enables  one  at  once  to  distinguish  these  rocks  macroscopically  from 
the  true  basalts  treated  above.  The  name  trap,  now  also  in  use 
for  them,  would  be  more  appropriate  than  basalt.  Furthermore, 
when  such  rocks  have  become  porhyritic,  the  ground-mass  showing 
an  intersertal  structure,  they  may  be  properly  referred  to  as 
melaphyres,  as  noted  by  many  geologists.  Iddings  applies  the 
name  basalt  to  andesites  containing  olivine,  although  the  structure 
of  these  is  not  to  be  distinguished  from  labradorite-andesite. 

Consequently,  if  for  these  rocks  the  names  trap,  melaphyre  and 
andesite  are  retained,  there  remain  but  comparatively  few  rocks 
to  receive  the  designation  of  basalt.  In  fact,  we  are  left  with  only 
those  rocks  which  the  early  geologists  had  in  mind,  when  they  first 
applied  the  term  basalt  to  them. 

To  sum  up,  the  rocks  here  under  consideration  have  a  por- 
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phyritic  structure,  contain  olivine  and  titanium  augite  as  pheno- 
crysts,  which  are  not  usually  recognizable  except  by  means  of 
the  microscope.  Phenocrysts  of  basaltic  hornblende  and  biotite 
are  much  rarer.  Plagioclase  rich  in  lime  (never  of  any  consid¬ 
erable  amount),  is  only  to  be  observed  in  the  ground-mass,  and  is 
very  often  accompanied  or  even  replaced  by  a  soda  mineral,  mostly 
nephelite,  or  more  seldom  by  leucite  or  melilite. 

Also,  macroscopically,  these  basalts  may  easily  be  distinguished 
from  the  other  rocks  enumerated  above.  The  fracture  is  never 
crystalline  but  splintery.  Of  yet  more  consequence  for  the  field 
geologist  is  the  abundance  of  periodotitic  fragments,  these  being 
usually  so  prominent  that  scarcely  a  single  hand  specimen  will  be 
found  without  them.  In  other  instances  such  inclusions,  though 
not  abundant,  are  almost  always  visible. 

Therefore,  both  from  a  systematic  and  from  a  practical  angle, 
the  restriction  of  the  name  basalt  to  rocks  as  defined  above  is  fully 
justified. 
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PENEPLANAL  AFFINITIES  OF  HIGH  PLATEAUX 

OF  UTAH 

By  Charles  Keyes 

The  High  Plateaux  of  Utah  ^  are  especially  noteworthy  phy- 
siographically  because  of  the  fact  that  they  are  last,  though  great, 
unconsumed  remnants  of  a  vast  highland  plain  which  once  spread 
out  over  the  entire  western  one-third  of  the  north  American  con¬ 
tinent.  Throughout  most  of  this  boundless  area  all  traces  of  this 
wide  regional  plain  are  now  extinguished.  Over  other  very  con¬ 
siderable  portions  of  the  tract  only  the  most  resistant  masses  are 
not  yet  completely  reduced  to  the  level  of  the  present  plains-sur- 
face.  These  arid  monadnocks,  as  they  really  are,  stand  forth  as 
the  desert  ranges  in  the  Great  Basin,  and  on  the  Mexican  Table¬ 
land.  The  Rocky  Mountains  constitute  a  rejuvenated  highland. 

Throughout  the  entire  Cordilleran  region,  during  Tertic  times, 
prodigious  outpourings  of  very  mobile  basic  lavas  give  rise  at 
later  date  to  curious  idiosyncracies  of  landscape.  Among  the 
many  novel  features  especially  striking  are  those  strange  isolated 
tablelands  —  mesas  they  are  called  by  the  Spanish-speaking  dwell¬ 
ers  of  the  region.  Physiographically  mesa-land  is  almost  unique. 
It  is  an  accentuated  phase  of  the  inselberglandschaft  of  the  South 
African  veldt.  It  is  a  specialized  type  of  enisled  relief,  and  it  is 
a  topographic  expression  peculiar  to  the  desert. 

Nowhere  else  are  climatic  conditions  more  favorable  for  exten¬ 
sive  plains  genesis.  ’  From  the  very  beginning  of  each  geographic 
cycle  the  plain  is  the  characteristic  and  dominant  landscape  type. 
Plateau  plain  of  the  desert  is  really  a  reminiscent  stage  of  inter¬ 
cycle  planation  such  as  is  preserved  during  no  other  attainment 
to  base-level.  Because  of  the  fact  that  so  few  plateau  plains 
have  close  contemporaries  it  is  not  always  easy  to  fix  their  position 

1  Paper  presented  before  the  Geological  Society  of  America  at  the  Chicago,  or 
Thirty-third  Annual,  Meeting. 
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in  time,  or  to  correlate  in  the  field  the  different  erosion-levels 
among  the  multitude  of  mesas.  To  this  circumstance  more  than 
any  other  is  attributable  the  common  misinterpretation  of  desert 
landscape  features. 

Notwithstanding  the  fact  that  they  are  now  so  profoundly 
warped  four  great  peneplains  are  readily  distinguishable  through¬ 
out  a  vast  region.  Of  these  four  major  planation  surfaces,  which 
spread  over  the  area  now  occupied  by  the  Rockies  since  the  close 
of  Paleozoic  times,  a  Mid  Tertic,  or  Miocene,  savannah  seems  to 
be  represented  in  last  lingering  traces  by  the  summital  flats  of  the 
High  Plateaux.  When  these  few  all  but  vanquished  remnants 
finally  wither  away,  as  they  shortly  will,  no  positive  evidences  of 
this  once  broad  peneplain  remains. 

In  the  High  Plateaux  of  Utah  lie,  also,  the  key  to  the  genesis 
and  structure  of  the  much  discussed  Great  Basin  ranges. 

Usually  genetically  associated  with  the  desert  ranges  the  lofty 
Utah  mesas  belong  not  to  the  Great  Basin  province,  but  to  an 
entirely  different  orogenic  type,  the  Colorado  dome.  Upon  the 
north  flank  of  the  latter  they  recline  as  remnantal  patches  of  great 
sections  of  weak  deposits  which  elsewhere  have  been  completely 
stripped  off  the  indurated  Paleozoics  that  constitute  the  founda¬ 
tion  of  the  broad  arch.  The  High  Plateaux  appear  to  owe  their 
belated  preservation  to  Tertic  extravasation  of  lavas  that  serve 
as  protecting  caps  for  the  unconsolidated  strata  beneath.  Were  it 
not  for  these  remnantal  tablelands  long  and  exciting  chapters  in 
the  history  of  the  Cordilleran  region  would  be  lost  beyond  possible 
rescue. 

Like  so  many  of  the  neighboring  Great  Basin  ranges  the  High 
Plateaux  stand  11,000  to  12,000  feet  above  sea-level,  and  5,000 
to  6,000  feet  above  the  valley-floors  between  —  the  present  general 
plains-surface.  Comprising  as  they  do,  a  dozen  or  more  lofty 
eminences,  they  have  flat-topped  summits  of  such  limited  extent 
that  they  now  are  really  narrow  mountain  ridges  not  essentially 
distinct  from  the  other  desert  ranges.  They  differ  from  the  ranges 
of  the  Great  Basin  lying  to  the  west  only  in  the  circumstance  that 
the  remnantal  lava  sheets  which  surmount  them  still  preserve 
traces  of  the  original  high  plains-surface,  whereas  the  Great  Basin 
blocks  not  so  protected  comprising  the  other  desert  ranges  do  not. 
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Because  of  the  light  which  they  recently  shed  upon  the  physio¬ 
graphic  development  of  the  arid  part  of  our  continent  the  High 
Plateaux  of  Utah  possess  unusual  interest.  Strangely,  they  give 
clue  to  the  origin  both  of  the  bare  desert  ranges  to  the  west  of 
them,  and  to  the  forest-clad  chains  to  the  east.  Arid  Great  Basin 
and  pluvial  Cordillera  thus  really  evolve  along  parallel  lines.  The 
Utah  heights  not  only  connect  the  mountains  of  two  climatic 
contrasts,  but  they  carry  westward  the  regional  diastrophic  record 
so  clearly  decipherable  in  the  east,  and  indicate  a  succession  of 
geographic  cycles  which  the  Great  Basin  has  no  doubt  passed 
through,  but  of  which  it  has  now  no  other  intimations. 

When  the  High  Plateaux  first  became  the  subject  of  especial 
description,  in  the  early  eighties  of  the  last  century,  the  possibil¬ 
ity  of  a  definite  geographic  cycle  in  land  sculpture  was  one  of  the 
modern  earth  concepts  not  yet  even  faintly  adumbrated.  Omis¬ 
sion  of  such  basic  consideration,  as  it  later  proved  to  be,  led 
necessarily  to  curious  aberation  in  the  treatment  of  the  relief 
phenomena  presented. 

As  an  ardent  devotee  of  the  Federal  Geological  Survey  of  that 
day,  but  following  too  closely  perhaps  the  Powellian  policy  of 
geological  saisissement,  and  carrying  too  joyously  a  soldier’s  love 
for  dramatic  situation  into  scientific  realms  where  it  was  out  of 
place.  Captain  Dutton,  upon  whom  devolved  the  exploration  of 
this  region,  entirely  missed  the  larger  physiographic  significance 
of  his  really  fundamental  observations  on  the  prodigious  erosion 
which  the  Utah  field  had  manifestly  undergone  in  recent  geologi¬ 
cal  times.  He  easily  fell  into  idle  speculations  along  entirely 
unrelated  lines.  Principal  among  the  latter  was  an  estimate  of 
the  crustal  effects  of  sedimental  loading  and  unloading  through 
erosion.  This  unbridled  fancy  colored  all  his  brilliant  musings, 
and  even  distorted  his  striking  conclusions  out  of  all  semblance  to 
realities. 

Reverting  to  the  long  forgotten  argument  of  Hershel,  the  Eng¬ 
lish  astronomer,  that  areas  of  sedimentation  should  be  tracts  of  in¬ 
sinking  of  the  earth’s  crust,  the  endeavor  was  to  show  that  the 
converse  of  this  assumption  was  also  true,  and  that  the  Utah  and 
Nevada  regions  from  which  such  enormous  volumes  of  rock-waste 
had  been  so  recently  removed,  should  display  conspicuous  evidences 
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of  continuous  and  notable  upraising.  The  hypothesis  of  isostasy 
which  was  the  chief  outcome  of  Dutton’s  meditations  was  just 
beginning  to  take  on  tangible  form. 

Be  that  as  it  may,  it  is  not  the  theory  of  isostatic  compensation 
that  is  now  under  rigid  scrutiny.  The  main  consideration  con¬ 
cerning  Utah’s  High  Plateaux  is  the  character  of  the  testimony 
which  they  offer  on  the  course  of  the  physiographic  development 
of  the  larger  tract  around  the  southern  end  of  the  Rocky  Cordil¬ 
lera.  Bearing  directly  upon  this  point  they  seem  to  supply  the 
very  links  missing  from  other  parts  of  the  continent.  They  carry 
us  back  immediately  one  cycle  farther  than  any  with  which  we 
were  previously  cognizant.  They  bring  into  orderly  relationship 
a  host  of  scattered  observations  which  heretofore  had  no  satis¬ 
factory  place  of  abode,  and  little  meaning.  They  seem  to  enable 
us  to  picture  forth  the  former  existence  and  nature  of  a  great 
peneplain  the  expanse  of  which  was  the  greater  portion  of  the 
southwestern  United  States.  As  last  lingering  traces  of  a  former 
cycle  of  geographic  sculpturing  the  High  Plateaux  of  Utah  call 
forth  exceptional  consideration. 

With  the  high  powers  to  resistance  to  differential  erosion  the  old 
lava  sheets  comprising  the  substructure  of  the  Plateau  terreplains 
serve  to  retard  in  the  general  degradation  of  the  country  early 
effacement  of  the  spots  which  they  cover.  The  surfaces  on  which 
the  lavas  rest  may  not,  of  course,  be  exactly  the  original  plains- 
level  on  which  the  geographic  cycle  was  initiated;  but  if  not  they 
are  certainly  very  close  to  it.  Like  the  tops  of  the  Basin  ranges 
they  may  actually  represent  a  sub-summital  level.  Elsewhere  in 
the  arid  region  the  essential  phenomena  of  the  High  Plateaux  recur 
again  and  again  at  different  and  lower  levels.  Far  around  the 
Rocky  Mountain  uplift  lofty  lava-capped  plateaux  continue  to 
represent  the  same  prevailing  conditions.  To  this  type  belongs 
the  famed  Mesa  de  Maya  far  to  the  eastward  near  the  Texas  line. 

When,  a  decade  ago,  the  development  of  the  geographic  cycle 
in  an  arid  climate  was  under  discussion,  I  argued  for  an  initial 
plains-surface,  or  peneplain,  instead  of  a  mountainous  configura¬ 
tion,  as  had  been  commonly  assumed.  At  that  time  the  sharp 
desert  sierras  of  New  Mexico,  Arizona  and  Old  Mexico  were 
alone  in  mind.  The  Utah  High  Plateaux  now  seem  strongly  to 
support  the  original  plains  contention. 
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Peneplains  of  the  eastern  Rocky  Mountain  belt  give  clue  to  what 
should  be  expected  in  the  west.  Since  the  great  thick  limestone 
plate  which  now  surmounts  the  southern  Rocky  Mountain  region 
was  laid  down  in  the  shallow  waters  of  epicontinental  seas  in  Mid 
Carbonic  times  it  appears  to  have  undergone  no  less  than  five 
notable  orographic  wrappings.  Of  these  upraisings  the  first  oc¬ 
curs  in  Late  Carbonic  time,  outlining  the  ancestral  Rocky  Moun¬ 
tains.  The  second  period  of  regional  upheaval  is  ascribed  to  Late 
Cretacic  time.  A  third  movement  of  positive  diastrophic  char¬ 
acter  takes  place  in  the  Mid  Tertic  period;  and  a  fourth  occurs  in 
Late  Tertic  times.  The  fifth  uprising  appears  to  be  in  progress 
at  the  present  time  and  to  be  acting  about  as  fast  as  mountain 
genesis  ever  goes  on. 

Each  orographic  movement  appears  to  have  been  followed  by 
long-continued  regional  planation.  Five  such  major  planation 
surfaces  are  still  well  preserved.  So  widely  scattered  are  the 
evidences  in  the  cases  of  three  of  these  levelings,  and  so  near  ex¬ 
tinguishment  are  some  of  these  old  base-levels  that  their  correla¬ 
tion  and  adjustment  with  present  features  are  attended  by  many 
difficulties.  Only  by  careful  consideration  of  the  sequence  of 
geological  events  does  it  seem  possible  to  connect  the  known 
remnants  of  each  peneplain  and  to  correlate  the  several  plains- 
surfaces. 


The  larger  relations  of  the  different  peneplains,  as  they  bow  over 
the  Cordilleran  tract,  are  indicated  in  the  annexed  diagram  (fig¬ 
ure  11)  : 
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The  ancient  Corazon  erosion  plain  is  most  noteworthy.  Mid 
Jurassic  time  in  the  southern  Rocky  Mountain  region  is  a  period 
characterized  by  extensive  denudation  rather  than  by  sedimenta¬ 
tion.  Shore  and  river  deposits  of  the  Morrisonian  Series  are  the 
first  strata  to  be  laid  down  on  an  old  Jurassic  erosion  surface. 
The  unconformity  line  is  well  displayed  in  the  mural  faces  of  the 
Cerro  Tucumcari,  in  northeastern  New  Mexico,  where  Jules 
Marcou,  as  early  as  1853,  first  correctly  identified  the  existence 
of  Jurassic  beds  in  America. 

To  the  north  of  the  Cerro  Tucumcari  the  same  unconformity 
plane  is  conspicuously  exposed  for  a  distance  of  100  miles  along 
the  broad  Canadian  River  valley,  the  north  wall  of  which  con¬ 
stitutes  the  Corazon  cliff,  perhaps  the  finest  escarpment  in  the 
world.  As  one  stands  on  its  brow  he  looks  down  2,000  feet  to 
the  rocky  bottom  below.  Away  to  the  south  75  miles,  is  the 
opposite  cliff  of  this  valley,  the  edge  of  the  Llano  Estacado,  the 
vast  walled  or  staked  plain  of  Texas. 

Along  the  Rocky  Mountain  front  the  Corazon  planation  hori¬ 
zon  is  easily  recognizable  far  to  the  northward.  Over  the  present 
Cordilleran  uplift  it  now  seems  more  than  probable  that  the  plane- 
level  marking  the  tops  of  the  monadnocks  which  surmount  the 
present  summital  plain  of  the  mountains,  in  central  Colorado, 
belongs  to  the  Corazon  peneplain. 

Far  to  the  south  along  the  Rio  Grande,  at  the  mouth  of  the 
Rio  Pecos  in  Texas,  this  planation  is  still  in  notable  evidence. 
At  Hayford,  west  of  Del  Rio,  the  folded  and  crumpled  Paleozoics 
are  shaved  off  as  by  some  giant  planer,  and  the  Early  Cretacic 
sediments  rest  in  horizontal  lines  upon  the  highly  tilted  strata 
beneath.  In  the  mountain  wall  the  structural  relations  are  dis¬ 
played  with  startling  diagrammatic  clearness. 

The  Tucumcari  planation  surface  displays  some  special  features. 
In  the  North  American  interior  general  planation  of  Mesozoic 
times  is  the  most  expansive  known  in  all  geologic  history.  Its 
effects  extend  from  the  Mexican  Tableland  to  Hudson  Bay,  and 
from  the  Sierra  Nevada  to  the  Mississippi  River.  It  is  the  most 
continental  in  scope  of  any  peneplain  of  which  we  know.  Not 
only  are  the  ancestral  Rocky  Mountains  worn  down  to  the  sea, 
but  a  mighty  mountain  which  rose  above  the  surface  of  prairie 
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Iowa  as  majestically  as  do  today  the  Rockies  above  the  Colorado 
plain,  is  razed  to  ocean-level. 

In  the  south,  on  the  Gulf  savannah,  the  Early  Cretacic  sediments 
transgress  the  old  Jurassic  plain  so  far  as  Oklahoma,  but  north 
of  that  line  Jurassic  and  Comanchean  planation  effects  are  super¬ 
posed,  and  seemingly  constitute  a  single  cycle.  Over  the  Rocky 
Mountain  region  the  two  plains  are  apparently  rather  widely 
separated,  the  evidences  of  which  are  not  entirely  obliterated  even 
to  the  present  day. 

Curiously  enough,  from  an  isostatic  angle,  the  ancestral  Rockies 
should,  with  the  prodigious  removal  of  their  tops,  become  more 
buoyant  and  grow  higher.  Instead,  they  immediately  proceed  to 
sink  beneath  the  epicontinental  waters  until  their  evenly  planed 
surface  reaches  a  depth  of  a  full  mile  below  sea-level. 

This  planation  surface  is  everywhere  marked  by  the  thick, 
massive  Dakotan  sandstone  which  reposes  upon  it.  By  this  sand¬ 
stone  it  is  easily  and  widely  recognizable.  In  the  later  and  re¬ 
peated  upliftings  of  the  Rockies  this  planation  level  is  carried 
nearly  two  miles  above  tide-level.  Its  warped  surface  now  ap¬ 
pears  to  coincide  closely  with  the  highland  plain  of  the  Rocky 
Mountains.  The  flat  highlands  of  the  Front  Range  seem  to  be  in 
reality  the  Tucumcari  plane  from  which  the  Mid  and  Late  Cretacic 
overburden  has  been  only  recently  stripped.  This  interpretation 
appears  to  be  strongly  supported  by  the  presence  of  remnantal 
patches  of  the  Dakotan  sandstone  on  the  back  of  the  mountains 
at  about  the  same  level  as  the  highland  level  in  the  neighbor¬ 
hood.  The  relations  are  well  displayed  around  Pike’s  Peak,  to  the 
southwest  of  Long  Peak,  to  the  west  of  the  Arapahoe  Peaks,  near 
Corona,  around  Breckenridge,  and  at  numerous  other  places. 

Raton  leveling  marks  extensive  peneplanation.  It  is  now  gen¬ 
erally  recognized  that  the  time  of  Laramie  deposition  in  the  Rocky 
Mountain  region  is  characterized  by  marked  orogenic  movements. 
It  is  not  so  widely  appreciated  that  this  epoch  is  also  a  time  of 
wide  regional  planation.  Evidences  bearing  upon  this  point  are 
as  yet  meager  or  entirely  wanting  in  Colorado.  Beyond  the  state 
boundaries  both  to  the  north  and  to  the  south  they  are  well  dis¬ 
played.  Over  the  present  Rocky  Mountain  area  no  less  than  sev¬ 
eral  thousands  of  feet  of  strata  appear  to  have  been  removed 
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during  this  epoch.  Recent  erosion  destroys  nearly  all  traces  of 
the  planation. 

Around  the  southern  end  of  the  Rocky  Mountains,  in  north¬ 
eastern  New  Mexico,  the  missing  testimony  is  found.  In  the  Mesa 
de  Maya  coal  field,  where  Laramie  sediments  were,  from  earliest 
exploratory  days,  supposed  to  be  upwards  of  4,000  feet  thick,  it 
is  discovered  as  long  ago  as  1904  ^  that  the  true  Laramian  series 
is  indeed  wholly  absent.  The  lower  part  of  the  section  is  now 
known  to  be  Montanan  in  age;  and  the  upper  portion  Tertic.  A 
well-marked  unconformity  plane  persists  midway  in  the  section. 
The  hiatus  which  it  represents  appears  to  encompass  all  Laramie 
time.  Consequently  no  rocks  of  true  Laramian  equivalency  exist 
in  this  district. 

Laramie  planation  seems  to  have  removed  more  than  one-half 
of  the  Cretacic  rocks  from  the  Rocky  Mountain  region.  This  fact 
probably  explains  why  the  uplift  is  now  so  completely  denuded  of 
sedimentaries,  it  being  impossible  to  ascribe  the  tremendous  ero¬ 
sive  effects  entirely  to  recent  erosion.  Laramie  planation  is  thus 
fully  as  extensive  as  any  of  the  other  great  erosion  efforts  now 
known  to  have  occurred  since  Paleozoic  times. 

In  Wyoming  also  the  earliest  Tertic  beds  rest  upon  folded  and 
beveled  Cretacic  strata. 

Until  quite  lately  evidences  of  a  great  Miocene  peneplanation 
profoundly  affecting  the  entire  Rocky  Mountain  region  were 
known  only  at  a  single  point.  Recent  erosion  almost  completely 
obliterated  all  traces  of  its  existence.  The  isolated,  circumscribed 
area  of  Mesa  de  Maya,  in  northeast  New  Mexico,  was  not  so  very 
long  ago  the  only  surviving  vestige  of  this  once  vast  plain.  Heavy 
lava  flows  preserved  to  us  last  remnants  of  this  old  plains-surface. 
When  the  flat  summit  of  this  lofty  mesa  shall  have  disappeared, 
as  it  will  ere  so  very  long,  the  last  traces  of  this  important  base- 
level  will  be  gone  from  the  belt  lying  immediately  east  of  the 
Rockies.  There  will  then  remain  only  subdued  mounds  to  sug¬ 
gest  the  former  possible  position  of  a  higher  plains  level.  The 
very  existence  of  this  plain  would  then  be  entirely  hypothetical, 
and  its  height  above  the  newer  and  lower  plains  surface  a  matter 
of  mere  conjecture. 

2  Eng.  and  Mining  Jour.  Vol.  LXXVII,  p.  670,  1904. 
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The  present  general  plains-surface  of  the  Cordilleran  tract  is 
generally  misunderstood.  The  Great  Plains  lying  east  of  the 
Rocky  Mountains  is  an  area  the  origin  of  which  is,  and  long  has 
been,  variously  interpreted.  Since  the  early  days  of  Hayden 
when  the  flat  configuration  was  thought  to  be  due  to  the  existence 
of  vast  Tertic  lakes  from  which  the  waters  had  been  recently 
withdrawn,  diametrically  opposite  explanations  find  strong  sup¬ 
port.  Davis’  conception  of  an  aggraded  fluvial  plain  emphasizes 
the  constructional  phase.  Later,  the  well  known  leveling  tenden¬ 
cies  of  eolic  activities  under  the  stimulus  of  aridity  are  found  to 
have  had  potent  eflfect  in  shaping  the  dominant  topography. 
Eolian  processes  of  leveling  are  both  constructive  and  destructive 
in  nature. 

Immediately  in  front  of  the  Rocky  ranges  the  plain  is  one  of 
rapid  denudation.  Deflation  here  is  typical.  It  is  conservatively 
estimated  that  not  less  than  a  mile  of  rock  material  has  been 
removed  since  the  mountains  were  last  elevated.  In  other  por¬ 
tions  of  the  Great  Plains  there  is  perhaps  equal  thickness  of  re¬ 
cently  deposited  waste.  Consequently  the  Great  Plains  surface 
of  today  finds  no  representative  in  any  plains  phenomena  within 
the  limits  of  the  Cordillera  itself.  There  the  stream  beds  are  the 
only  extensions  of  the  Great  Plains  surface. 

The  relief  of  the  Rocky  Mountain  crest  presents  some  unsus¬ 
pected  features.  Notwithstanding  the  fact  that  the  Rocky  Moun¬ 
tains  in  Colorado  are  broken  up  into  numerous  subordinate  ranges 
and  individually  are  so  notably  rugged  there  appears  to  be  still 
retained  over  the  summit  remnants  of  an  old  regional  plain  of 
erosion.  So  marked  a  feature  of  the  relief  is  this  highland  plain 
that  it  is  especially  and  widely  recognized  by  dwellers  in  the 
region.  Flat-Top  Mountain,  near  Long  Peak,  is  only  one  of  the 
many  local  titles  which  give  expression  to  this  peculiar  character 
of  the  topography. 

For  a  considerable  distance  in  Colorado  the  continental  divide 
is  occupied  by  this  summit  flat.  The  latter  is  often  bordered  by 
precipitous  cliflfs  —  the  high  walls  of  innumerable  cirques.  It  is 
in  strong  contrast  to  the  steep-sided  peaks  which  are  the  chief 
characteristic  of  the  region. 

Above  the  highland  plain-level  rise  numerous  monadnocks  —  the 
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unconsumed  hills  of  some  former  cycle  of  erosion.  Of  these  Long 
Peak,  James  Peak,  Arapahoe,  and  other  peaks  are  2,000  to  2,500 
feet  higher  than  the  lofty  flats. 

Singularly  and  unfortunately  the  Front  Range  of  the  Rocky 
Mountains  in  Colorado  is  especially  notable  because  of  being  the 
theme  of  extended  geographic  description  in  which  geologic  terms 
and  geologic  features  have  no  essential  role.  Were  it  not  for  the 
fact  that  in  this  method  of  description  there  lurks  great  inherent 
dangers  of  erroneous  visualization  of  the  real  sequence  of  geologic 
events  the  plan  is  commendable.  By  completely  ignoring  the 
geologic  aspects  of  a  strictly  geologic  problem  grave  misinterpreta¬ 
tion  seems  inevitable.  The  genetic  relationships  of  diastrophic 
changes  are  thus  missed.  Peneplanation  levels  are  mistaken  and 
confused.  Danger  of  wrong  deduction  is  vastly  magnified  for 
reason  of  the  fact  that  curiously  enough  in  the  Colorado  Front 
Range  critical  criteria  for  the  determination  of  the  questions 
presented  are  wholly  wanting.  For  decisive  testimony  we  have 
to  look  beyond  the  boundaries  of  the  Centennial  state. 

The  geological  age  of  this  flat  top  is  the  subject  of  much  specu¬ 
lation.  Chronological  fixation  of  the  flat  crest  of  the  Rocky 
Mountains  is  really  not  nearly  so  simple  an  affair  as  has  been 
commonly  supposed.  This  summital  plain  is  not  to  be  developed 
out  of  the  finale  of  the  geographic  cycle  immediately  precding  the 
present  one;  nor  out  of  some  phase  of  that  cycle.  There  appear 
to  be  five  distinct  and  widely  separated  peneplains  with  which  it 
must  be  compared  before  the  most  probable  correlation  is  deter¬ 
mined. 

The  notion  that  the  Summit  Plain  of  the  Rockies  once  extended 
far  out  at  about  its  present  level  over  the  Great  Plains  but  that 
now  all  vistiges  of  it  there  are  now  lost  appears  to  have  no  very 
substantial  foundation.  By  faulty  analogy  with  conditions  obtain¬ 
ing  in  other  regions  the  Summit  Plain  is  also  regarded  as  belong¬ 
ing  to  the  cycle  immediately  preceding  the  present  one.  Before 
the  last  regional  uplifting,  according  to  Professor  Davis,  for  in¬ 
stance,  ‘‘The  surface  of  the  peneplain  on  the  crystalline  rocks  of 
the  mountain  area  must  have  been  continued  by  a  smoother  pene¬ 
plain  on  the  weak  rocks  of  the  [Great]  Plains  area ;  it  is  only  since 
the  uplift  of  the  mountains  and  Plains  together  that  the  Plains 
have  been  worn  down  lower  than  the  mountain  highland.  The 


UTAH  PENEPLAINS 


129 


heights  of  the  mountains  over  the  Plains  is  therefore  not  so  much 
the  result  of  the  local  uplift  of  the  mountains  as  of  the  wide-spread 
erosion  of  the  Plains  after  a  broad  uplift  of  the  whole  region/’ 

The  possible  extension  of  a  Summit  Plain  eastward  over  the 
Great  Plains  area  is  not  entirely  hypothetical  and  unsupported 
by  fact.  Although  there  now  remains  no  vestige  of  it  in  Colorado 
such  a  highland  plain  finds  actual  representation  farther  south 
in  the  terreplein  of  the  Mesa  de  Maya,  3500  feet  above  the  present 
Plains  surface.  Upon  careful  analysis,  however,  the  Maya  plain 
does  not  appear  to  be  really  an  extension  of  the  Summital  Plain 
of  the  Rockies.  When  it  was  -  formed  thick  sediments  probably 
still  mantled  the  present  mountain  area.  So  that  its  actual  posi¬ 
tion  over  the  Cordilleran  uplift  was  in  fact  a  level  at  least  several 
thousands  of  feet  above  the  highest  crest  of  the  mountains. 

There  are  other  cogent  reasons  for  not  believing  the  Summit 
Plain  and  the  Mesa  de  Maya  identical. 

Identification  of  the  Summit  Plain  with  the  Great  Plains  sur¬ 
face  leads  to  other  difficulties.  The  presence  of  an  eastward, 
steeply  sloping  plain  half  way  up  the  Front  Range  leads  to  the 
surmise  that  the  latter  is  a  warped  continuation  of  the  Summit 
Plain,  and,  inferentially,  identical  with  the  present  Great  Plains 
surface.  This  is  the  view  which  seems  to  be  taken  by  Prof.  R.  T. 
Chamberlin.  The  time  of  the  planation  is  thus  given  a  late 
Tertic  date.  Through  differential  uplift  the  Front  Range  is  as¬ 
sumed  to  attain  its  present  superior  elevation  above  the  Great 
Plains  to  the  east.  A  necessary  consequence  of  this  explanation  is 
the  restriction  of  erosion  during  all  later  time  to  the  work  of  re¬ 
juvenated  streams.  Evidences  set  forth  in  support  of  this  view 
are  notably  meagre  and  not  at  all  satisfactory. 

In  the  mountains  the  nearest  approach  to  the  Great  Plains  base- 
level  is  clearly  the  beds  of  the  existing  rivers.  For  a  long  time 
the  stream-work  on  the  Great  Plains  appears  to  have  been  main¬ 
ly  constructive.  Hence  in  the  two  districts  it  is  strictly  antitheti¬ 
cal  in  results.  Because  of  the  semi-arid  climatic  conditions 
prevailing  over  the  Great  Plains  another  very  potent  factor  of 
erosion  comes  into  play.  In  general  land  depletion  deflation  is 
many  times,  probably  hundreds  or  even  thousands  of  times,  more 
effective  than  streani-corrasion.  It  is  likely,  therefore,  that  the 
great  hypsometric  differences  between  the  crest  of  the  Cordillera 
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and  the  Great  Plains  surface  is  not  due  entirely  to  orographic 
movements,  as  Davis  contends,  but  that  it  is  partly,  perhaps,  the 
result  of  erosional  activities  under  the  peculiar  stimulus  of  aridity. 

In  view,  then  of  the  known  complexities  of  recent  diastrophic 
oscillations  over  the  Rocky  Mountain  tract,  the  erosion  peculiarities 
of  excessively  dry  climate,  and  the  multiplex  character  of  plana- 
tion  effects  the  adjustment  of  the  Great  Plains  surface  to  the 
Summit  Plain  is  entirely  precluded  as  both  too  simple  and  too 
recent. 

The  terreplein  of  the  Mesa  de  Maya  lies  about  3500  feet  above 
the  present  general  plains-surface.  It  is  2000  feet  above  the 
Raton  plain  which  marks  the  base  of  the  Tertic  column;  and 
6000  feet  above  the  Corazon  peneplain  and  the  Dakotan  sand¬ 
stone,  at  the  bottom  of  the  Cretacic  section.  The  Mesa  de  Maya 
plain  is  preserved  only  in  a  few  very  restricted  flats  between 
Trinidad  and  Raton. 

The  Raton  Range,  of  which  the  Mesa  de  Maya  is  a  part,  is  a 
long,  narrow  mountain  ridge  disposed  at  right  angles  to  the  Rocky 
Mountain  axis.  It  extends  from  the  Rocky  Mountain  front  to  the 
Texas  line  a  distance  of  130  miles,  the  crest  having  a  gradient 
of  one  per  cent,  or  50  feet  to  the  mile.  In  this  distance  from 
the  Rockies  the  flatness  of  the  top,  as  displayed  by  the  Mesa  de 
Maya  is  soon  lost.  The  Maya  plain  doubtless  bows  upwards  be¬ 
fore  the  Front  Range  is  reached  in  the  same  way  as  does  the 
Corazon  unconformity  plain.  This  being  the  case  the  level  of  the 
Maya  planation  over  the  mountains  is  something  more  than  a  mile 
above  the  Rocky  Mountain  summit.  Its  normal  position  is  high 
above  the  tops  of  Long  and  Pike  Peaks.  It  cannot  be  adjusted 
to  the  Summit  flats,  above  which  the  peaks  mentioned  rise. 

The  position  of  the  Raton  level  and  the  base  of  the  Tertic 
beds  is  more  easily  traced  westward  along  the  Raton  Range  than 
the  crestal  flat  of  the  Maya.  Like  the  Corazon  unconformity 
the  old  Raton  plain  also  turns  up  against  the  Rockies.  Although 
not  strictly  parallel  with  the  Corazon  peneplain  the  Raton  sur¬ 
face  doubtless  follows  it  closely  in  bending  over  the  Cordilleran 
folds.  Its  position  over  the  crest  of  the  Rocky  Mountains  is 
still  well  above  the  summit  of  Long  Peak. 

Like  the  Mesa  de  Maya  planation  the  Raton  plain  cannot  be 
brought  into  accord  with  the  Summital  Plain. 
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Recent  exhuming  of  Corazon  peneplain  indicated  along  the 
Rocky  Mountain  front  where  there  is  upturned  a  thick  sandstone 
—  the  Dakotan  sandstone,  the  base  of  which  marks  the  position 
of  the  old  Jurassic  erosion  surface.  The  same  sandstone  likewise 
rises  on  edge  along  the  west  limb  of  the  mountain  arch.  Over 
the  back  of  the  Cordilleran  uplift  the  sandstone  is  also  found  in 
more  or  less  extended  patches. 

That  the  Dakotan  formation'  formerly  extended  unbrokenly 
over  the  entire  uplifted  area  is  indicated  by  many  facts.  Long 
before  W.  T.  Lee  marshalled  the  details  of  evidence  the  Dakotan 
sandstone  and  overlying  Cretacic  formations  were  regarded  as 
once  completely  covering  the  uplift.  At  the  southern  end  of  the 
Rockies,  where  its  folds  pitch  beneath  the  Mexican  Tableland, 
the  phenomenon  is  especially  well  displayed.  Ceja  Glorietta,  one 
of  the  most  magnificant  escarpments  in  the  world,  is  the  broken 
margin  of  the  Dakotan  sandstone.  Its  brow  rises  a  thousand 
feet  above  the  grade  of  the  Atchison,  Topeka  and  Santa  Fe  rail¬ 
road  which,  for  many  miles,  follows  at  its  foot.  Even  from  the 
train  the  sloping  and  warped  peneplain  now  on  hard  Carbonic 
limestone  is  presented  in  fine  perspective  rising  quite  to  the  highest 
summit  of  the  Rockies  to  the  north.  From  this  surface  is  peeled, 
as  it  were,  down  to  the  foot  of  the  escarpment  the  Dakotan  sand¬ 
stone  and  overlying  beds. 

Over  the  highland  of  central  Colorado  remnants  of  the  Dakotan 
sandstone  still  persist  in  many  places.  Curiously  enough  the 
patches  of  the  Summital  Plain  which  are  best  preserved  are  closely 
accompanied  by  remnantal  areas  of  this  sandstone.  From  be¬ 
neath  the  sandstone  the  Jurassic  plane  emerges,  and  the  surface 
is  often  continuous  with  the  Summital  Plain. 

The  necessary  inference  is  that  the  Jurassic  peneplain  once 
constituted  the  original  surface  of  the  entire  Rocky  Mountain 
area. 

In  place,  then,  of  a  single  plain  with  which  to  correlate  the 
Summital  Plain  of  the  Front  Range  there  are  in  the  Rocky 
Mountain  region  four  great  peneplains.  At  maximum  departures 
from  one  another  the  Laramian  Plain  is  approximately  4000  feet 
above  the  Jurassic  peneplain.  The  Maya,  or  Miocene,  Plain  is 
2000  feet  above  the  Laramian.  Present  General  Plains  Surface 
of  the  region  is  3500  feet  below  the  Miocene  level. 
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The  Corazon  peneplain  is  especially  noteworthy  because  of  the 
fact  that  it  serves  as  an  exact  determinant  of  the  amount  of  de¬ 
formation  which  the  Rocky  Mountains  have  undergone  since 
Paleozoic  times.  It  is  the  best  geologic  directrix  which  we  know 
of  for  guaging  isostatic  compensation.  Prior  to  its  first  upraise 
this  erosion  plain  was  depressed  below  sea-level  and  continued 
to  sink  until  nearly  two  miles  of  sediments  were  laid  down  upon  it. 

Laramie  erosion  removed  fully  one-half  of  the  entire  Mesozoic 
section.  Then  enormous  thicknesses  of  Eocene  deposits  were 
formed,  which  Miocene  planation  reduced  to  a  thickness  of  about 
2000  feet. 

Present  erosion  has  to  do  with  two  things  in  particular.  Over 
the  Great  Plains  and  among  the  High  Plateaux  it  is  engaged  in 
removing  four  or  five  thousand  feet  of  rock.  Over  the  Cordil- 
leran  uplift,  besides  disposing  of  last  lingering  traces  of  Mesozoic 
strata,  it  is,  through  means  of  stream- work,  cutting  deeply  into  the 
uplift.  Its  rate  of  progress  is  slow.  Recent  uprising  enables 
profound  canyons  to  be  excavated  on  every  hand.  In  the  moun¬ 
tains  this  is  indeed  the  principal  result  of  present  cycle  erosion. 

The  Summital  plain  of  the  Front  Range  is  not,  therefore,  an 
extension  of  the  Maya  peneplain  of  Miocene  times;  nor  of  a 
hypothetical  plain  of  latter  date  of  approximately  this  position,  as 
urged  by  Davis.  Neither  does  it  appear  that  it  is  the  extension 
of  the  present  surface  of  the  Great  Plains,  as  inferred  by  Chamber¬ 
lin,  because  this  leaves  no  interval  for  the  present  stream  canyon 
cutting  in  the  mountains.  It  seems  to  be  really  the  remnant  of 
the  Jurassic  Corazon  peneplain  recently  exhumed,  and  to  be 
repeatedly  betrayed  around  the  isolated  patches  of  heavy  sand¬ 
stone  which  over  the  highlands  are  the  all  but  vanquished  Dakotan 
formation. 

Turning  now  to  the  old  planation  levels  in  the  High  Plateaux, 
the  stratigraphic  horizons  of  major  unconformities  are  of  special 
interest.  In  the  High  Plateaux  country  Powell,  and  other  workers 
of  the  last  quarter  of  a  century,  descern  above  the  Paleozoic  rocks 
only  two  unconformity  planes  which  they  regard  as  at  all  con¬ 
sequential.  One  of  these  is  at  the  base,  and  the  other  is  at  the 
summit,  of  the  Mesozoic  succession.  Later  observers  recognize 
at  least  two  other  major  planation  levels,  besides  a  host  of  minor 
ones. 
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Important  unconformity  planes  are  also  indicated  at  several 
horizons  where  notable  formational  hiatuses  are  now  known  to 
exist.  The  erosion  surface  at  the  base  of  the  Jurassic  section  is 
doubtless  very  much  more  extensive  than  is  generally  supposed. 
Locally  considerable  portions  of  Triassic  sediments  are  unrepre¬ 
sented.  Early  Cretacic  beds  are  entirely  missing.  Although,  as 
on  the  east  side  of  the  Cordillera,  the  great  Mid  Cretacic  Dakotan 
sandstone  reclines  in  marked  unconformity  upon  the  bevelled 
edges  of  the  older  strata  little  note  is  usually  taken  of  the  fact.  By 
both  Powell  and  Dutton  particular  stress  is  placed  upon  the  signi¬ 
ficance  of  the  unconformity  at  the  bottom  of  the  Tertic  column. 
But  its  expanse  is  far  greater  than  even  these  writers  suspected. 
It  turns  out  to  be  really  one  of  the  great  erosion  planes  of  the 
Rocky  Mountain  province. 

Although  casual  notice  is  taken  of  the  terrepleins  capped  by 
lava  composing  the  High  Plateaux  no  suggestion  is  made  of  their 
being  possible  planation  effects.  According  to  Dutton  Miocene 
time  marks  the  beginning  of  regional  denudation  on  a  large  scale. 

The  present  intermontane  plains  are  really  quite  complex  in 
their  origin.  The  general  plains-surface  probably  lies  400  to  500 
feet  above;  and  is  only  sparingly  represented  by  certain  isolated 
plateau  mesas.  The  entire  region  is  now  undergoing  rapid  lower¬ 
ing  through  desert  processes  of  deflation  wholly  unknown  to  the 
early  workers  in  the  West.  The  time  in  the  present  cycle  during 
which  the  general  depletion  of  this  sort  has  been  going  on  seems 
to  be  closely  paralleled  by  the  excavation  of  the  inner  gorge  of 
the  Grand  Canyon. 

Notwithstanding  the  ,  fact  that  Mid  Mesozoic  sediments  are 
well  represented  in  the  High  Plateaux  region  their  base  rests  upon 
a  well-marked  erosion  surface.  Both  Early  Jurassic  and  Late 
Triassic  sections  are  wanting.  The  partial  representation  of  the 
period  by  sediments  appears  to  be  a  marginal  episode  of  the  con¬ 
tinental  interior  conditions  when  land  persisted  throughout  the 
period.  In  the  Utah  region  the  great  erosional  interval  was  in¬ 
terrupted. 

The  great  Dakotan  sandstone  comes  down  the  west  flank  of  the 
Cordillera  almost  as  steeply  as  it  does  on  the  Rocky  Mountain 
front.  Very  low  down,  towards  the  Colorado-Utah  line,  this 
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sandstone  rests  directly  upon  the  pre-Cambrian  crystallines  just 
as  it  does  on  the  summit  of  the  uplift,  on  Triassic  beds,  and  on 
Jurassic  strata.  This  relationship  is  well  displayed  in  the  Black 
Canyon  of  the  Gunnison  River,  and  on  Grand  River  west  of 
Grand  Junction. 

Beyond  the  Green  River  the  Dakotan  sandstone  is  well  displayed 
in  the  San  Rafael  Swell  and  in  the  Wasatch  Plateau  east  of  the 
Wasatch  Mountains.  Dutton  also  records  it  at  many  localities 
farther  south.  More  or  less  deeply  buried  over  much  of  the  High 
Plateaux  region  the  Dakotan  sandstone  nevertheless  reaches  sky 
at  many  points;  so  that  the  uneven  basal  plane  is  an  easily 
reognizable  guide-horizon,  and  its  local  position  is  always  readily 
estimated.  From  its  basal  horizon  to  the  next  higher  great  plane 
of  unconformity  the  vertical  distance  is  often  not  less  than  5000 
feet. 

Everywhere  on  the  west  side  of  the  Cordillera  where  the  Dakota 
sandstone  is  fully  exposed  it  is  found  that  the  surface  upon  which 
it  rests  is  an  erosion  surface  just  as  it  is  on  the  east  flank  of  the 
Rockies.  From  the  High  Plateaux  area  the  old  planation  sur¬ 
face  as  it  approaches  the  Rocky  Mountain  uplift  rises  out  of  the 
lower  levels,  mounts  the  flanks  of  the  great  arch,  and  finally 
seems  to  merge  with  the  Summital  Plain  over  the  crest.  It  is 
also  traceable  around  the  southern  end  of  the  Rockies  and  con¬ 
nects  with  the  similar  plain  on  the  east  flank  in  northeastern  New 
Mexico.  Thus  followed  both  over  the  crest  and  around  the  base 
of  the  uplift  this  erosion-level  appears  to  correspond  with  the 
Corazon  peneplain.  There  seems  to  be  but  little  doubt  that  this 
is  the  correct  correlation. 

A  Laramian  hiatus  in  eastern  Utah  is  a  new  conception.  Few 
geological  formations  were  so  long  so  widely  misunderstood  as 
the  Laramie  beds  of  the  Rocky  Mountain  region.  As  typically 
developed  in  Wyoming  they  comprised  a  great  succession  of 
shales  and  soft  sandstones  in  which  were  often  so  many  beds  of 
lignite  interspersed  that  the  section  was  also  denominated  the 
Lignitic  Group  and  regarded  as  Tertic  in  age. 

The  coal-bearing  feature  was  highly  misleading;  and  many  a 
determination  made  on  this  one  characteristic  alone  proved  most 
disastrous  to  correct  correlation.  Singularly,  the  great  succes- 
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sion  of  coal-yielding  beds  which,  around  the  southern  Rockies  were 
so  long  denominated  the  Laramie  Coal  Series,  were  found  after¬ 
wards  to  comprise  rocks  of  very  different  geological  ages.  Often 
they  were  Cretacic  in  the  lower  part  of  the  “Laramie”  section,  and 
Tertic  in  the  upper  portion. 

Identical  vertical  sequences  obtain  in  the  Raton  Range  of 
northeastern  New  Mexico  as  in  the  High  Plateaux  of  Utah.  In 
both  of  these  widely  separated  districts  a  notable  erosion-plane  is 
found  to  divide  an  otherwise  apparently  unbroken  sequence.  In 
neither  locality  do  true  Laramie  beds  appear  to  be  represented. 
South  of  the  Wyoming  line  the  epoch  seems  to  have  been  a  vast 
erosion  interval,  during  which  more  than  a  mile  of  strata  was 
removed. 

Recent  introduction  of  a  new  nomenclature  for  the  Cretacic 
formations  on  the  west  side  of  the  Cordilleran  belt  notably  com¬ 
plicates  rather  than  affords  solution  to  the  vexed  Laramie  ques¬ 
tion.  Because  of  their  errors  in  correlation  the  early  workers 
in  the  field.  King,  Hayden,  Powell,  and  White,  completely  mis- 
interprete  Utah  diastrophics.  They  mistake  the  later  named 
Mesa  Verde  lignites  for  the  typical  Laramie  deposits;  whereas 
there  are  two  distinct  lignite  formations,  separated  elsewhere  by 
more  than  2000  feet  of  marine  shales.  Failure  to  recognize  the 
diastrophic  factor  over  the  Cordilleran  tract  also  acts  in  another 
curious  way,  especially  as  concerns  some  of  the  more  recent  in¬ 
vestigations  in  this  field.  As  a  direct  result  no  exact  adjustment 
of  the  Cretacic  sections  on  the  west  and  east  sides  of  the  Rockies  is 
possible. 

Were  this  possible  correlation  made  directly  across  the  Cordil¬ 
leran  uplift  would  be  an  easy  matter.  Western  brackish,  or 
fresh- water,  or  epirotic,  deposits,  separately  or  together,  of  the 
Mesa  Verde  and  typical  Laramie  formations  are  merely  extended 
into  eastern  marine  sequence  represented  by  the  Coloradan  and 
Montanan  series.  This  relationship  is  readily  traced  around  the 
southern  end  of  the  Rockies,  in  central  and  northern  New  Mexico. 
The  Mesa  Verde  sandstones  are  thus  regarded  as  a  thick  littoral 
terrane  intercalated  in  the  middle  of  the  great  section  of  Montanan 
shales  of  marine  origin.  Whether  or  not  an  equivalent  of  the 
formation  is  ever  recognizable  in  the  Montanan  section  of  the 
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Great  Plains  remains  to  be  determined.  Careful  examination  of 
the  succession  as  displayed  on  the  Rocky  Mountain  front  will 
doubtless  reveal  such  horizon. 

Application  of  the  term  Laramian  Hiatus  to  the  erosion  interval 
is  thus  as  appropriate  in  the  west  as  it  is  in  the  east.  Whereas  in 
the  Raton  region  a  similar  discordance  in  sedimentation  is  so 
obscure  that  it  was  for  more  than  half  a  century  entirely  over¬ 
looked,  in  the  Utah  held  the  older  strata  were  strongly  folded  and 
planed  off  before  the  younger  sediments  were  deposited.  A  mile 
of  Cretacic  beds  were  beveled  off  together  with  the  Jurassic  shales 
and  sandstones. 

Realizing  that  as  this  planation  took  place  the  ancestral  Rockies 
were  completely  razed  to  the  level  of  the  sea  and  that  the  pene¬ 
plain  then  stretched  unbrokenly  across  the  tract  where  the  primitive 
Cordillera  previously  stood,  this  basal  erosion  plain  of  Tertic  times 
is  best  paralleled  with  the  Raton  peneplain  of  the  east  side  of  the 
Rocky  Mountains  of  today.  In  the  San  Juan  Mountains  of  south¬ 
western  Colorado  the  conditions  recently  recognized  by  Atwood 
appear  to  be  in  full  agreement. 

Many  of  the  High  Plateaux  are  heavily  capped  by  old  lavas, 
remnantal  patches  of  former  extensive  surface  flows.  On  the 
Sevier  Plateau,  for  instance,  the  successive  lava  sheets  attain  a 
total  thickness  of  more  than  4000  feet.  The  ancient  erosion 
surfaces  upon  which  the  lavas  were  outpoured  in  the  different 
plateaux  have  not  all  the  same  elevation,  indicating,  as  in  more 
recent  times,  that  the  lava-streams  were  extravasated  at  widely 
different  dates. 

The  strata  of  the  Plateaux  substructure  being  mainly  shales  and 
soft  sandstones  are  commonly  assigned  to  Eocene  age,  but  though 
still  Tertic  they  are  probably  very  much  older  than  any  known 
Eocene  beds  of  other  parts  of  the  world. 

In  the  correlation  of  principal  planation  levels  of  the  High 
Plateaux  region  there  appear  to  be  presented  in  the  post-Paleozoic 
section  five  distinct,  wide-spread  and  notable  horizons  of  uncon¬ 
formity  which  represent  erosion  intervals  of  vast  duration  and  in¬ 
tensity.  Their  stratigraphic  position  coincides  exactly  with 
similar  erosion  plains  in  the  rock-column  on  the  east  flank  of  the 
Rocky  Mountain  uplift.  These  levels  are  also  traceable  around 
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the  southern  extremity  of  the  Cordillera,  so  that  their  identifica¬ 
tions  are  seemingly  fixed  beyond  peradventure. 
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The  broad  quaquaversal  uplift  through  which  the  Colorado 
River  cuts  its  Grand  Canyon  was  long  known  commonly  as  the 
Colorado  Dome  or  Colorado  Plateau.  Since,  however,  the  Rocky 
Cordillera  in  the  state  of  Colorado  was  recently  determined  to  be 
really  a  low  arch  or  flattened  dome  the  same  title  was  widely 
fixed  to  this  uplift  also.  In  order  to  avoid  confusion  in  nomencla¬ 
ture  it  was  thought  advantageous  to  designate  the  Arizona  dome 
by  another  name.  Navajo- Dome  seemed  to  be  most  appropriate. 

The  Arizona  dome  area  is  distinctively  the  Navajo  country. 
Its  arid  surface  is  peopled  by  the  well-known  Indain  tribe  of  this 
name.  Navajo  Mountain  is  a  large,  isolated,  rounded  elevation 
forming  the  boss  on  the  recumbant  shield. 

Over  the  central  part  of  the  Navajo  Dome  now  spreads  as  a 
surface  cover  a  thick  plate  of  very  resistant  limestone  of  Carbonic 
age,  the  surface  of  which  is  swept  clean  of  the  great  mass  of 
shales  and  soft  sandstones  which  once  mantled  it.  Around  the 
flanks  of  the  dome  these  weak,  or  non-resistant,  beds  appear  in 
successive  layers,  their  more  indurated  layers  forming  inward¬ 
facing  escarpments,  or  cliff-lines. 

Above  the  clean  smooth  limestone  rise  occasional  buttes  and 
plateau-plains  of  limited  area  preserved  by  remnants  of  ancient 
lava-flows,  the  substructure  of  which  are  the  red  shales  and  softer 
beds  which  once  reposed  unbrokenly  upon  the  limestone  through¬ 
out  the  region.  Recent  volcanic  cones  now  also  dot  the  plains- 
surface.  Around  the  San  Francisco  mountains,  the  chief  peak  of 
which  rears  itself  a  full  mile,  are  grouped  400  to  500  smaller 
volcanic  vents  and  their  characteristic  ash-cones.  But  these  sur¬ 
mount  the  Navajo  surface  and  came  into  existence  long  after  it 
was  denuded  of  its  shale  mantle. 

Save  at  the  Grand  Canyon  the  great  limestone  surface  plate  is 


138 


UTAH  PENEPLAINS 


untrenched  by  important  drainage  ways.  If  any  stream  channels 
were  ever  let  down  from  the  shales  above  their  impress  has  long 
since  completely  vanished.  The  Colorado  River’s  canyon  is  the 
sole  noteworthy  exception.  Being  a  large  master-stream  the 
Rio  Colorado  probably  had  cut  well  down  into  the  limestone  be¬ 
fore  the  shales  had  altogether  disappeared  from  the  general  sur¬ 
face. 

Now  in  the  High  Plateaux  region  the  shales  mentioned  are  not 
yet  completely  denuded  and  some  great  sections  are  preserved 
by  old  lavas.  Eastward,  in  the  great  San  Juan  syncline  between 
the  Navajo  Dome  and  the  southern  Rocky  Mountains,  or  Sangre 
de  Cristo  Sierra,  the  enormous  thickness  of  shales  is  well  pre¬ 
served  and  gives  adequate  conception  of  its  vast  bulk,  wide  extent 
and  large  stratigraphic  importance. 

One  rather  remarkable  feature  of  the  stratigraphy  which  usually 
escapes  notice,  but  one  which  is  probably  the  real  basis  of  the 
curious  desert  relief,  is  the  segregation  of  all  the  hard  rocks  in 
the  bottom  of  the  geological  column,  and  all  the  weak  rocks  in 
the  top  of  the  succession.  There  is  little  actual  alternation  of 
resistant  and  weak  strata.  Paleozoic  and  pre-Cambrian  forma¬ 
tions  are  all  highly  indurated  and  hence  have  strong  resistant 
powers  to  erosive  agencies.  Mesozoic  and  Cenozoic  strata  are 
mainly  incoherent  and  are  easily  denuded  by  rains,  and  especially 
by  the  winds  in  that  excessively  dry  climate. 

In  the  Arizona  stretch  of  the  Colorado  River  there  are  readily 
distinguishable  two  notable  stages  of  canyon-cutting  —  one  finding 
expression  in  the  broad,  upper  esplanade,  and  the  other  in  the 
narrow  inner  gorge.  The  formation  of  the  esplanade  is  some¬ 
times  referred  to  as  an  epoch  of  local  depression,  or  temporary 
base-leveling.  Removal  of  the  thick  shale  section,  which  is  calculat¬ 
ed  to  have  been  over  10,000  feet  above  the  present  brink  of  the 
Canyon,  is  assumed  to  have  mainly  taken  place  prior  to  the  canyon¬ 
cutting  and  during  a  single  cycle  of  erosion. 

In  the  “Tertiary  History  of  the  Grand  Canyon”  Dutton  makes 
much  of  the  immensity  of  the  regional  depletion  just  before  the 
great  chasm  was  initiated,  and  he  devotes  much  effort  to  prove 
that  not  less  than  two  miles  of  strata  were  removed  at  that  time. 
The  “Great  Denudation”  is  the  title  by  which  he  designated  the 
phenomenon.  However,  it  now  transpires  that  the  Great  Denuda- 
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tion  is  not  an  accomplishment  of  a  single  simple  cycle  of  erosion  as 
he  fondly  fancies.  All  does  not  take  place  so  recently  as  he 
supposes.  Neither  is  the  general  depletion  of  the  region  a  direct 
result  of  the  same  pluvial  graving  conditions  with  which  most  of 
us  are  most  familiar,  as  he  urges.  He  errs  in  merging  into  one  the 
effects  of  what  are  really  four  complete  and  grand  geographic 
cycles  supperposed  one  upon  the  other. 

Erosion  affecting  the  general  lowering  of  the  land  about  proves 
to  have  an  altogether  different  origin  from  that  involved  in  the 
development  of  the  canyon.  Instead  the  latter  following  in 
natural  sequence  the  former,  both  not  only  could  go  on 
simultaneously,  but  probably  did  operate  side  by  side  as  they  do 
today.  General  denudation  is  accomplished  with  the  wind  as  the 
chief  and  tremendous  erosive  agency;  while  the  local  canyon¬ 
cutting  is  the  pigmy  result  of  stream  corrasion.  The  relative 
efficiencies  of  the  two  erosive  powers  under  the  same  climatic  con¬ 
ditions  but  where  aridity  is  the  controling  factor  are  thus  strongly 
contrasted. 

The  peneplain  upon  which  was  initiated  the  latest  geographic 
cycle  of  erosion  in  the  region  is  inferred  from  the  surrounding 
country  to  have  stood  about  a  mile  above  the  present  surface  of 
the  Navajo  Dome.  Therefore,  while  the  Colorado  River  has 
been  sinking  its  narrow  channel  vertically  a  distance  of  two  miles, 
as  a  maximum  figure,  the  entire  region  about  has  been  undergoing 
deflation  until  at  least  one-half  of  this  distance  has  been  removed 
in  the  same  time.  Stream-corrasion  has  been  merely  local  and 
linear;  wind  abrasion  has  been  broadly  general  and  regional. 
The  cubic  mileage  of  rock  removal  has  been  measurable  by  a  few 
tens  in  the  instance  of  the  river;  by  many  thousands  in  the  case 
of  the  wind.  Regional  leveling  and  lowering  of  the  Grand  Canyon 
country  should  be  re-examined  in  the  light  of  aridity  —  an  angle 
which  Dutton  and  his  confreres  never  touched. 

Over  the  Navajo  Dome  all  evidences  of  the  three  early  great 
cycles  of  erosion  are  vanquished  because  of  the  fact  that,  unlike 
in  the  cases  of  the  Mesa  de  Maya  and  the  High  Plateaux,  removal 
of  the  initial  plains-surface  is  complete.  There  are  no  uncon¬ 
sumed  sections  of  strata  in  which  unconformities  are  preserved  by 
such  accidental  circumstances  attending  old  lava-flows.  The 
Navajo  Dome  is  in  the  same  condition  as  the  other  two  regions 
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soon  will  be  when  the  last  lingering  vestiges  of  their  summital 
plains  are  obliterated  by  the  wasting  away  of  their  lava  caps. 
Their  existence  then  becomes  only  a  memory,  and  rests  wholly  on 
hypothesis.  The  Duttonian  conception  is  faulty  for  reason  of  the 
fact  that  only  a  very  circumscribed  area  was  considered,  and  no 
attempt  is  made  to  view  the  problem  in  its  larger  aspects.  This 
might  have  easily  been  done  since  as  a  part  of  the  same  regional 
depletion  abundant  evidences  are  retained  in  the  highlands  lying 
to  the  eastward.  There  in  the  great  denudation  interval  the 
ancestral  Cordilleras  thrice  reared  their  heads  as  majestically  above 
the  Great  Plains  as  do  the  Rockies  of  today,  and  as  often  were 
completely  razed  to  the  level  of  the  sea.  But  in  Dutton's  day  the 
conception  of  a  geographic  cycle  finds  not  faintest  suspicion,  and  a 
distinct  desert  geology  is  yet  to  be  formulated. 

We  have  to  gather  the  missing  chapters  of  the  denudation 
history  of  the  Grand  Canyon  region  from  the  preserved  records 
of  neighboring  districts.  There  is  every  reason  to  believe,  there¬ 
fore,  that  over  the  Navajo  Dome  all  four  of  the  principal  pene¬ 
plains  once  extended  in  full  force  as  they  ,did  over  the  southern 
Rockies  and  over  the  High  Plateaux  region. 

Whether  any  of  the  four  great  planations  are  really  reflected 
in  the  relief  of  the  Grand  Canyon  itself  is  difficult  to  say  at  this 
time.  It  may  be  that  the  esplanade  widening  may  be  eventually 
correlated  with  the  Maya  peneplain  and  the  terrepleins  of  the 
High  Plateaux.  This  being  the  case  it  leaves  the  long  history  of 
the  Grand  Canyon  unrecorded  there,  concerning  which  nothing  has 
yet  been  even  indicated.  Or,  the  Colorado  River  may  be  one  of 
those  desert  streams  which  arise  from  the  introduction  of  pluvial 
climate  on  the  contiguous  highlands  because  of  their  rapid  eleva¬ 
tion  above  the  intermontane  spaces.  In  this  case  its  history  has 
to  be  entirely  rewritten. 
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EDITORIAL 

Discovi:ry  of  Pajleozoic  Formations  in  Nfw  Mexico 

In  a  somewhat  whimsical  essay  published  not  so  very  long  ago, 
categorical  claim  is  laid  to  recent  finding  of  all  of  the 
older  Paleozoic  rocks  in  New  Mexico.  Assertion  of  discovery 
seems  to  be  based  upon  a  partial  quotation  that  heretofore  it 
had  been  generally  “maintained  that  there  was  no  evidence  that 
Lower  Paleozoic  formations  were  present  in  New  Mexico.”  Had 
full  sentence,  instead  of  only  part,  been  quoted,  it  would  have 
read  in  place  of  New  Mexico,  “around  the  southern  end  of  the 
Rocky  Mountains;”  which  is  a  very  different  thing.  Like  many 
another  tourist  in  that  region,  the  claimants  seem  not  to  have  been 
aware  of  the  fact  that  the  Rocky  Mountains  abruptly  terminate 
near  the  southern  Colorado  boundary  line;  and  do  not  traverse 
the  Mexican  tableland,  as  Humboldt  believed  a  hundred  years 
ago.  The  full  statement  concerning  the  absence  of  the  Paleozoics 
around  the  southern  Rockies  therefore  still  literally  obtains.  It 
could  hardly  be  stretched  so  as  to  apply  over  a  distance  beyond 
so  far  as  from  Washington  to  Cincinnati,  or  from  Washington 
to  Boston.  This  fact  is  lost  sight  of  in  frantic  haste  to  anticipate 
other  publication. 

Such  sweeping  assertion  of  priority  of  discovery  bears  strong 
intrinsic  evidence  of  tenderfoot  knowledge  of  the  region,  and  an 
inexcusable  want  of  familiarity  with  the  easily  accessible  litera¬ 
ture.  Even  such  flagrant  mistatement  of  recorded  history  would 
not  merit  serious  consideration  now,  20  years  after,  were  it  not 
for  some  unaccountable  reason  that  a  Federal  bureau  persistently 
backs  up,  year  after  year,  as  if  someone  were  continually  question¬ 
ing  its  veracity,  such  bumptuous  assertions,  especially  in  one  of  its 
very  latest,  most  prized,  and  final  publications,  despite  the  cir¬ 
cumstance  that  its  library  has  long  had  full  and  sufficient  testi- 
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mony  to  the  contrary,  and  its  own  official  documents  repeatedly 
and  deliberately,  albeit  unwittingly,  make  record  of  their  falsity. 
It  seems  needless  publically  to  call  attention  to  the  fact  that  such 
abuses  of  bureaucratic  post  have  no  place  in  scientific  circles. 

First  report  of  rocks  of  Cambric  age  within  the  limits  of  the 
present  state  of  New  Mexico  appears  to  have  been  in  1874.  W. 
P.  Jenney  then  noted  important  sandstones  of  this  age  in  the 
Franklin  Mountains,  north  of  El  Paso.  Endlich  recognized  the 
same  rocks  at  Lake  Valley  in  1883.  Since  the  date  mentioned  the 
Cambric  section  was  greatly  extended  until  over  1000  feet  of 
strata  were  made  known.  On  a  large  colored  wall-section,  which 
was  constructed  in  1903,  which  was  a  part  of  the  World’s  Fair 
exhibit  at  St.  Louis,  and  which  hung  in  the  main  hall  of  the  School 
of  Mines  for  many  years  afterwards,  these  recognized  Cambric 
beds  were  correlated  with  the  Tonto  sandstones  of  Arizona. 

Strata  of  Ordovicic  age  were  the  first  Paleozoic  rocks  reported 
within  New  Mexican  boundaries.  So  early  as  1848  Wislizenius 
especially  noted  the  finding  of  Lower  Silurian  (Ordovicic)  fossils 
in  the  limestones  west  of  El  Paso.  Five  years  afterwards  both 
Shumard  and  Antisell  discovered  similar  organic  remains  in  the 
mountains  north  of  the  same  place.  Until  the  full  section  could 
be  properly  subdivided  upon  the  basis  of  the  contained  faunas  the 
tentative  field  title  for  these  beds  was  for  many  years  the  Pinos 
Altos  limestones.  At  Silver  City,  in  1873,  Howell  made  extensive 
collections  of  typical  Ordovicic  fossils.  Gilbert,  in  1874,  also 
recognized  Ordovicic  rocks  at  Santa  Rita.  Endlich  in  1885  and 
Clark  in  1895  both  determined  fossils  found  near  Lake  Valley  to 
be  Lower  Silurian  species.  In  the  early  accounts  of  the  region 
the  Ordovicic  and  Siluric  sections  were  not  distinguished,  but 
were  both  styled  Silurian  in  accordance  with  the  common  practise 
of  that  day. 

The  Siluric,  or  Upper  Silurian,  rocks  displayed  themselves  in 
a  thin  broken  line  across  the  southwestern  corner  of  the  state. 
They  appeared  to  have  been  first  clearly  differentiated  by  Dr.  R. 
M.  Bagg,  who,  in  1903,  collected  large  suites  of  typical  forms  near 
Santa  Rita,  Silver  City,  and  elsewhere,  for  the  School  of  Mines. 
It  was  from  these  collections  that  Gordon  first  got  inkling  of  the 
presence  of  Siluric  rocks  in  the  southwest;  and  it  was  concerning 
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these  very  fossils  that  Ulrich  verified  identifications  made  by 
Bagg. 

From  the  character  of  the  organic  remains  the  presence  of 
rocks  of  Devonic  age  was  early  recorded.  Both  James  Hall  and 
Thomas  Antisell,  in  1856,  called  attention  to  the  characteristic 
fossils.  There  were  numerous  later  references  previous  to  1906. 
In  1905,  under  the  title  of  Morenci  Formation  the  black  shale  of 
southwestern  New  Mexico  and  eastern  Arizona  was  referred  to 
the  Devonic  age. 

Mississippian  fossils  were  identified  from  the  limestones  of 
Lake  Valley  as  early  as  1881,  by  White  and  by  Miller;  by  Endlich 
in  1883,  by  Springer  in  1884,  and  from  as  far  north  as  the 
Magdalena  Mountains  in  1905. 

Thus  the  government  claimants  for  priority  are  woefully  be¬ 
hind  in  their  discoveries ;  32  years  behind  in  the  case  of  the  Cam¬ 
bric  rocks ;  58  years  behind  for  the  Ordovicic  strata ;  3  years  behind 
for  the  Siluric  formations ;  50  years  behind  for  the  Devonic  rocks ; 
and  25  years  behind  for  the  Mississippian  limestones.  More  than 
a  score  and  a  half  of  good,  distinguished,  and  conscientious  geolo¬ 
gists  visited  New  Mexico  before  them. 

So  it  appears  that  the  older  Paleozoic  rocks  of  New  Mexico 
were  announced  to  the  world  long  before  the  recent  ‘‘discoverers’’ 
were  born.  But  under  the  notarial  seal  of  the  Government  and 
by  special  “permission  of  the  director  of  the  United  States 
Geological  Survey,”  the  later  pronouncement  alone  is  to  have  his¬ 
toric  authentication.  In  a  petty  effort  to  forestall  publication  of  a 
simple  section  the  Government  failed  by  half  a  century  to  secure 
priority. 

Faulting  of  Bonnkvillf  Lakf  Deltas 

In  that  masterly  diastrophic  chapter  of  his  monograph  on  the 
“Quaternary  History  of  Lake  Bonneville”  Gilbert  lays  particular 
stress  on  the  orogenic  significance  of  the  numerous  minor  faults 
which  traverse  the  old  lake  deltas  parallel  to  the  Wasatch  axis. 
He  argues  strongly  for  these  faults  being  secondary  expressions 
of  a  premised  master-fault  which  he  claimed  gave  rise  to  the 
Wasatch  Range  in  very  late  geological  times.  Manifestly  this 
entire  chapter  is  a  digression  in  support  of  his  other  cherished 
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hypothesis  on  the  origin  of  Basin  Range  Structures  rather  than  an 
elucidation  of  Lake  matters. 

Although  these  delta  faults  were  traced  with  numerous  in¬ 
terruptions  by  Gilbert  along  the  old  lake  beaches  through  a  dis¬ 
tance  of  over  100  miles  it  is  a  singular  fact  that  they  were  no¬ 
where  observed  to  cut  across  any  of  the  rock-spurs  of  the  Wasatch 
Range,  even  when  the  latter  were  in  direct  line  with  adjoining 
scarps.  A  further  curious  circumstance  is  that  some  of  the  fault- 
scarps  curved  sharply  so  as  to  conform  roughly  with  the  margins 
of  the  deltas.  Singularly,  also,  the  expressions  of  fault-movement 
appear  to  be  wholly  confined  to  the  thick  delta  deposits ;  and  where 
such  slipping  is  compound  the  surfaces  of  the  several  segments 
tilt  away  from  the  lake,  or  towards  the  mountain.  Observed 
displacement  in  these  delta  faults  is  sometimes  so  much  as  30  or 
40  feet.  Were  these  various  features  the  direct  resultants  of 
Wasatch  Mountain  uprising,  as  Gilbert  urges,  these  idiosyncrasies 
should  not  prevail.  Their  uncalled  for  presence  demands  further 
analysis  of  the  attendant  circumstances. 

An  explanation  for  these  delta  faults,  other  than  the  one  which 
Gilbert  advances,  is  to  regard  them  as  essentially  landslide 
phenomena.  Not  the  landslide  of  steep  mountain  slope,  but  land¬ 
slip  such  as  characterizes  unconsolidated  debris  masses  of  low  or 
moderate  inclination.  Although  the  Bonneville  delta  phenomena 
had  been  repeatedly  viewed  personally  the  accepted  explanation 
of  the  low  fault-scarps  was  never  very  satisfactory.  It  was  not 
until  years  after  the  first  visit  to  the  Great  Salt  Lake  locality, 
after  the  San  Francisco  earthquake  rifts  had  been  examined  at 
close  range,  near  Point  Reyes,  that  it  dawned  what  the  trouble 
really  was  with  the  Utah  field.  South  of  Point  Reyes,  on  the  hill¬ 
sides  some  little  distance  from  the  great  fault-line,  the  earth  was 
creviced,  or  “faulted,”  but  it  was  a  slipping  of  the  hillside  soil 
masses.  Similar  phenomena  were  often  presented  when  in  rail¬ 
way  cuts  the  local  watertable  was  encountered. 

Applying  the  principle  of  the  tapping  of  the  local  watertable 
to  the  Bonneville  deltas  the  necessary  consequences  exactly  tallied 
with  the  observed  features.  In  the  case  of  the  old  deltas  the  huge 
spongy  masses  were  held  in  tact  by  the  high  lake  waters,  and  re¬ 
mained  in  undisturbed  repose  so  long  as  the  great  water  body 
pressed  upon  and  against  them.  With  the  dropping  of  the  lake 
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level  a  thousand  feet  this  pressure  was  of  course  relieved.  In 
the  concompitant  lowering  of  the  delta  watertable  the  latter  succes¬ 
sively  reached  slopes  which  formed  glidding  planes  and  permitted 
the  main  masses  of  incoherent  delta  materials  to  slip  measurably. 

Gilbert  emphasizes  the  fact  of  the  recency  of  these  delta  faults, 
so  near  to  us  in  time  that  their  scarps  are  still  often  unweathered. 
He  is  probably  wrong  in  inferring  that  these  were  the  only  faults. 
Between  the  Bonneville  Lake  epoch  and  the  present  time  there 
must  have  occurred  repeated,  if  not  more  or  less  continuous,  slip¬ 
ping,  which  stream-action,  storm-wash,  and  weathering  effects 
generally  during  this  long  interval  united  in  destroying  complete¬ 
ly  all  evidences  of  movement  except  the  very  latest,  perhaps  all 
except  those  which  occurred  since  the  occupation  of  the  region  by 
civilized  man. 

It  would  be  instructive  if  instrumental  surveys  could  be  made 
to  determine  the  exact  amounts  of  delta  sinking  that  has  taken 
place  since  the  high-stage  of  Bonneville  waters  as  indicated  by 
the  uppermost  sea-cliffs  cut  in  the  hard  rocks  of  the  mountain 
faces.  With  the  factors  of  original  delta  slope,  the  exact  position 
of  the  strand-line,  and  subsequent  disastrophic  movements,  this 
determination  might  be  a  task  both  delicate  and  complicated;  but 
it  does  not  seem  to  be  an  impossible  one.  It  would  well  be  worth 
the  effort  expended. 

In  using  the  delta  faults  to  support  his  Basin  Range  hypothesis 
Gilbert  unwittingly  furnishes  not  only  the  strongest  possible  argu¬ 
ment  against  his  theory,  but  he  renders  quite  negatory  the  Dutton- 
ian  hypothesis  of  isostasy.  Now  a  fundamental  premise  of  both 
the  Gilbertian  and  Duttonian  hypotheses  in  orogeny  is  that  the 
fault  should  have  small  hade.  But  in  Gilbert’s  diagrammatic 
analysis  of  the  delta  faults,  as  secondary  expressions  of  the  master- 
fault  of  the  Wasatch  front,  there  is  represented  dislocation  of  high 
hade.  Under  such  circumstances  the  rising  of  the  mountains 
would  be  a  physical  impossibility.  Nor  does  Willis’  recent  sup¬ 
plementary  hypothesis  of  a  rotating  orogenic  block  overcome  the 
difficulty.  Pushing  the  difficulty  into  the  twilight  background 
merely  confuses  the  situation  still  the  more.  The  same  grave 
objection  obtains  in  the  case  of  Lauterback’s  high-haded  faults 
of  the  Humboldt  Mountains. 
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International  Geology 

The  Fourteenth  International  Geological  Congress  of  Geologists 
which  met  in  Brussels  during  the  months  of  August  and  Septem¬ 
ber  was  a  happy  event,  despite  the  fact  that  the  attendance  was 
small  and  Mittel-Europa  and  Bolshevik  Russia  were  not  permitted 
to  send  representatives.  The  American  attendance  was  unac¬ 
countably  slender  —  only  ten  of  our  countrymen  being  present. 
This  is  all  the  more  inexplicable,  since  there  were  at  this  very  time 
more  than  a  score  of  other  geologists  from  America  in  Europe 
who  did  not  put  in  appearance  at  the  sessions. 

Plucky  little  Belgium  is  to  be  congratulated  for  the  bold  adven¬ 
ture  in  assuming  the  responsibilities  of  the  first  after-War  meet¬ 
ing  of  the  scientists.  A  David  who  held  at  bay  the  Hun  Giant 
for  four  long  years  may  not  be  expected  to  fear  anything  else 
in  this  world.  Belgian  hospitality  and  entertainment  were  far 
beyond  most  sanguine  expectations.  To  those  who  were  fortunate 
enough  to  partake  of  her  bounty  nothing  but  joyous  memories 
linger. 

It  could  hardly  be  expected  that  Belgium  could  stretch  out  the 
glad  hand  to  those  countries  which  had  so  recently  and  so  griev¬ 
ously  wronged  her,  and  which  had  so  nearly  extinguished  her. 
Yet  this  very  fact  raises  the  question  whether,  in  order  to  be 
strictly  international  in  character  and  really  to  compose  interna¬ 
tional  animosities,  the  first  after-War  congress  should  not  have 
been  held  with  some  other  nation  not  so  embittered  and  one  which 
had  not  so  recently  escaped  with  its  life  in  a  savage  conflict. 

There  were  political  contingencies  and  implications  which  seemed 
to  pervade  the  policies  of  the  Congress  which  should  have  had  no 
place  in  scientific  affairs.  It  appears  that  this  factor,  whether  real 
or  fancied,  actually  had  a  wide-spread  deterring  effect  on  the 
attendance. 
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Permian  Rocks  of  Grand  Canyon.  Three-quarters  of  a  cen¬ 
tury  ago,  when  Jules  Marcou,  geological  attache  of  the  Thirty- 
fifth  Parallel  route  of  the  Pacific  Railroad  Surveys,  reached  the 
Rio  Colorado  Chiquito,  near  the  Grand  Canyon,  he  pronounced 
the  surface  rocks  of  the  region,  now  called  the  Aubreyan  or 
Kaibab  limestones,  Permian  in  age.  Like  his  identification  of  the 
European  Jurassic  sections  farther  eastward  in  New  Mexico  at 
that  early  date,  the  Permian  suggestion  met  with  sweeping  denial 
from  the  Government  experts.  And  for  two  generations  the  lat¬ 
ter  continue  the  same  stand. 

A  new  generation,  a  third  generation,  now  enters  the  field,  and 
unacquainted  with  the  controversies  of  the  long  ago,  again  pro¬ 
claim  a  Permian  age  for  these  very  same  formations.  However, 
the  Permian  sections  which  it  knows  are  not  the  original  Permian 
successions  of  Russia.  They  are  only  the  home  terranes,  the  so- 
called  Permian  beds  of  eastern  Kansas ;  which  is  a  very  different 
thing. 

Of  those  who  so  strenuously  urge  a  Permian  age  for  the  eastern 
Kansas  formations  no  one  has  indicated  that  he  ever  saw  the 
typical  Permian  rocks,  ever  collected  fossils  from  the  Uralian 
region,  or  ever  had  Russian  fossils  for  comparison.  Neither  has 
he  ever  defined  the  typical  Permian  faunas  so  that  others  may 
know  what  is  really  meant.  On  this  very  point  Prof.  Charles 
Schuchert  recently  observed:  “That  the  Kaibab  limestone  is  of 
early  Permian  age  is  now  admitted  by  most  American  strati- 
graphers.  This  view,  however,  has  been  attained  rather  from  its 
field  relations  than  through  a  study  of  its  marine  fossils,  for  these 
in  several  forms  are  very  like  those  of  the  Pennsylvanian.” 

If  ever  there  wei^  antipodal  rock  sequence,  and  representative 
faunas  from  the  antipodes,  the  eastern  Kansas  rocks  certainly 
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present  them  for  the  Urals.  It  so  happens  that  the  one  person¬ 
age  above  all  others  who  should  know  most  of  all  its  minutiae 
about  the  Permian  sequence  of  faunas  in  Russia,  Dr.  Theodor 
Tschernyschew,  once  very  thoroughly  inspected  the  Kansas  River 
section,  going  afoot  all  of  the  distance  between  Kansas  City  and 
Salina,  and  collected  plentifully  of  the  fossils  from  many  horizons, 
especially  representative  suites  from  all  the  principal  terranes. 
This  was  after  the  adjournment  of  the  Fifth  International  Geologi¬ 
cal  Congress  which  met  in  Washington,  in  1891.  Many  of  the 
localities  particularly  visited  were  on  my  suggestion  after  several 
long  conversations  on  the  subject.  As  paleontologist  to  the  Mis¬ 
souri  Geological  Survey  I  was  then  fresh  from  that  region. 

Later,  after  the  long  excursions  of  the  Twelfth  International 
Geological  Congress,  Dr.  Tschernyschew  renewed  his  acquaintance 
with  the  Kansas  field  on  his  way  to  the  Grand  Canyon.  His 
stratigraphic  determinations  were  essentially  as  given  by  me  in 
1899,  after  I  had  gotten  back  from  the  Urals,  where  in  company 
with  Tschernyschew,  Karpinsky,  Stuckenberg,  Nikitin,  and 
Amalitzky,  I  had  paid  rather  close  attention  to  the  details  as  well 
as  general  relations  of  the  Kama  River  section  of  the  original 
Permian.  There  was  very  close  agreement  of  these  independent 
results. 

In  Kansas  the  lowest  horizon  which  it  was  possible  to  class  as 
Permian  was  the  limestone  afterwards  widely  known  as  the  Wre- 
ford  formation,  a  level  situated  far  up  in  the  column,  nearly  to 
the  Red  Beds.  Aside  from  a  thin  section  immediately  beneath 
the  Red  Beds,  called  the  Permo-Carboniferous  in  Russia,  all  be¬ 
low,  the  Wreford  or  Riley  limestones  down  to  the  Plattsmouth 
limestone,  was  easily  paralleled  with  the  Russian  Artinsk  forma¬ 
tion,  a  characteristic  Coal  Measure  deposit,  or  Pennsylvanian  as 
some  call  it  in  this  country. 

In  view  of  these  facts  it  seems  to  be  a  distinct  advance  in  Amer¬ 
ican  stratigraphy  to  regard  the  original  Permian  succession  as  a 
typical  provincial  series,  as  it  in  reality  is,  and  to  drop  the  term 
entirely  as  a  title  for  American  rocks.  Revival  of  Marcou‘s 
70-year-old  near-guess  for  the  Grand  Canyon  at  this  late  day  is 
quite  inopportune.  Besides,  we  already  have  a  very  complete, 
exact  and  expressive  provincial  nomenclature  for  the  American 
rocks  in  question,  which,  until  something  better,  more  illuminating, 
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more  elastic,  and  more  comprehensive  is  offered  should  receive 
the  full  approbation  of  all  those  who  have  constructive  taxonomy 

Keyes. 


Use  of  Chester  as  Terr  anal  Title.  Recent  proposal  by  Dr.  E. 
O.  Ulrich  ^  to  revive  Worthen’s  long  discarded  formational  name 
Chester  for  a  subdivision  of  the  Early  Carbonic  rocks  of  the 
Mississippi  Valley  has  many  objections:  (1)  In  this  sense  the 
section  covered  already  has  a  well-defined  and  satisfactory  title : 
(2)  the  name  itself  has  valid  application  in  another  sense;  (3) 
the  usage  of  Worthen’s  term  in  a  somewhat  different  and  more 
comprehensive  meaning  instead  of  clarifying  the  situation  renders 
it  all  the  more  confusing;  (4)  the  fact  that  the  terrane  to  which 
the  name  Chester  was  first  applied  is  today  generally  recognized 
as  forming  so  desirable  a  distinctive  unit  is  all  the  more  reason 
for  letting  its  original  designation  stand;  (5)  nothing  is  accom¬ 
plished,  no  advance  in  stratigraphy  is  gained,  and  no  classificatory 
scheme  is  made  better  by  such  new  use  of  Chester;  (6)  essential 
principles  of  taxonomy  are  invalidated;  (7)  fundamental  canons 
of  nomenclature  are  violated;  (8)  if  such  changes  are  to  be  per¬ 
mitted  without  protest  our  geological  nomenclature  must  soon 
pass  into  chaos;  (9)  the  implied  assumption  that  such  change  to 
new  meanings  is  scientific  discovery  is  utterly  without  warrant; 
(10)  the  historical  associations  of  the  original  title  are  visibly 
agitated  and  without  sanction. 

First  usage  of  the  geographic  name  Chester  in  connection  with 
a  geological  formation  appears  to  be  that  by  Swallow  ^  in  1858, 
when  he  affixed  ®  this  term  to  the  heavy  quarry  sandstone  capping 
the  river  bluff  above  the  town  of  Chester,  Illinois.  Even  recog¬ 
nizing  this  early  application  of  the  term  Hall  ^  already  preceded 
Swallow  by  two  years  by  giving  the  name  Kaskaskia  Limestone 
to  the  bluff  section  at  Chester.  Notwithstanding  Worthen's  claim, 
a  decade  afterwards,®  to  priority  of  his  field  title  for  the  same  sec¬ 
tion  to  which  Hall  designated  the  Kaskaskia,  there  is  no  doubt 
that  Hall’s  name  must  hold  over  all  others  because  first  published. 

1  U.  S.  Geol.  Surv.,  Prof.  Pap.  36,  p.  24,  1905. 

2  Proposal  of  the  title  was  by  G.  C.  Swallow;  not  B.  F.  Shumard  as  stated  by 
Weller,  in  Bull.  41,  Illinois  Geol.  Surv.,  p.  209,  1920. 

3  Proc.  American  Assoc.  Adv.  Sci.,  Vol.  XI,  pt.  2,  p.  5,  1858. 

4  Am.  Jour.  Sci.  (2),  Vol.  XXIII,  p.  193,  1856. 

5  Illinois  Geol.  Surv.,  Vol.  I,  p.  41,  1866. 
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Few  workers  of  that  day  were  so  nimble  as  Hall  in  publishing 
results  whether  or  not  the  facts  had  really  been  acquired  by  him¬ 
self  or  others. 

The  controversy  over  the  naming  of  the  Kaskaskia  formation 
is  not  so  important  per  se,  as  it  is  the  part  which  it  played  in  the 
differentiation  of  the  Early  Carbonic  section  of  the  continental 
interior.  Of  this  larger  aspect  it  is  evident  that  Hall  had  far 
better  grasp  than  any  of  his  contemporaries. 

Although  the  Kaskaskia  section  of  beds  as  displayed  at  the  town 
of  Chester  may  not  include  all  of  the  strata  which  should  be 
assigned  to  the  division,  it  is  certain  that  Hall’s  use  of  the  title 
has  priority  over  all  others  if  the  unit  is  to  be  recognized.  There 
is  no  canon  of  nomenclature  that  admits  the  title  Chester  to  recog¬ 
nition  in  another  sense  so  long  as  the  name  is  still  in  use  in  another. 
The  only  valid  usage  of  Chester  as  applied  to  a  terranal  unit  is 
that  of  Swallow,  whose  designation  has  been  overlooked  in  the 
proposal  recently  of  the  name  Palestine  for  the  same  sandstone. 
In  order  to  avoid  further  confusion  the  latter  title  should  be 
dropped,  dispite  the  fancied  advantages  that  its  use  might  have. 

Keyes. 

Absence  of  Laramian  Beds  in  Southern  Colorado.  Ever  since 
Stevenson’s  early  investigations  in  southern  Colorado  and  northern 
New  Mexico,  in  connection  with  the  prosecution  of  the  Wheeler 
surveys  in  this  region,  the  coal-bearing  formations  were  considered 
strictly  Laramian  equivalents.  On  this  point  a  voluminous  liter¬ 
ature  appeared  to  be  in  general  agreement.  The  possibility  of 
these  strata  being  of  a  different  geological  age,  or  of  different  ages, 
was  a  relatively  late  phase  of  the  problem. 

In  1902  when  I  first  entered  the  New  Mexican  coal-fields  under 
the  aegis  of  railroads  then  building,  I  soon  began  to  suspect  and 
then  to  entertain  doubts  as  to  the  correctness  of  the  reference  of 
the  entire  great  section  to  the  Laramie  coal  series.  Casual  examin¬ 
ation  of  the  fossils  collected  and  identified  indicated  that  the 
principal  coal-yielding  strata  were  really  well  down  in  the  Cre- 
tacic  column.  A  considerable  part  of  the  upper  portion  of  the 
vertical  section  was  in  like  manner  determined  to  be  certainly  very 
much  younger.  At  the  coal  camp  of  Hagan,  to  the  westward,  at 
the  eastern  base  of  the  Sandia  Range,  the  Cretacic  rocks  were 
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displayed  in  full  detail.  Above  the  top  of  the  published  section  ^ 
the  beds  were  made  out  to  be  Tertic  in  age.  They  enclosed  a  fine 
petrified  forest. 

When,  a  little  later  in  the  season,  with  this  clue  to  work  from, 
the  Raton  and  Trinidad  coal-fields  were  made  the  subject  of 
special  investigation  for  the  direct  purpose  of  narrowing  the  limits 
of  new  prospecting  as  much  as  possible,  the  horizon  separating 
the  Cretacic  strata  from  the  supposed  Tertic  beds  was  soon  di¬ 
vined.  An  erosional  unconformity  was  found  to  be  well-marked 
by  a  thick,  local  conglomerate,  but  the  level  proved  to  be  in  some 
localities  much  lower  in  the  section  than  was  anticipated.  In 
places  the  basal  conglomerate  reached  so  low  as  the  Trinidad 
sandstone,  a  notable  guide-horizon  just  above  the  top  of  the 
Pierre  shales. 

Following  the  reports  of  the  earlier  Governmental  Surveys  the 
entire  coal-bearing  section  was  of  the  same  age  as  the  original 
Laramie  beds.  But  the  evidence  brought  forth  demonstrated 
that  while  the  section  was,  in  its  lower  part,  Cretacic  in  age,  in 
its  upper  part  it  was  certainly  of  Tertic  age.  The  notable  uncon¬ 
formity  plane  midway  in  the  section  demanded  particular  atten¬ 
tion.  More  important  than  the  determination  of  whether  either 
part  of  the  section  was  to  be  correlated  with  the  typical  Laramie 
of  Wyoming,  was  the  evaluation  of  the  depositional  equivalent  of 
the  unconformity  plane. 

In  the  Raton  region  the  stratigraphic  position  of  the  great  sand¬ 
stone,  known  as  the  Trinidad  sandstone,  was  readily  determined. 
This  thick  stratum  manifestly  rested  directly  upon  the  Pierre 
shales,  was  called  in  part  the  La  Jara  shales  on  the  farther  side 
of  the  Rocky  Mountains,  was  more  than  1,000  feet  in  thickness, 
and  represented  the  uppermost  member  of  the  Coloradan  series. 
The  Trinidad  sandstone,  or  the  Pina  Vititos  sandstone  as  it  is 
termed  to  the  westward,  and  the  300  to  400  feet  of  coal-bearing 
shales  beneath  the  plane  of  unconformity  were  all  that  were  left 
of  the  enormously  thick  Montanan  series.  The  erosion  plane  was 
an  important  one. 

Since,  as  indicated  by  abundant  plant  remains,  the  upper  1,500 
feet  of  the  section  was  Early  Tertic  in  age,  it  was  quite  evident 
that  the  unconformity  plane  represented  a  very  long  interval  of 

1  Eng.  and  Mining  Jour.,  Vol.  EXXVII,  p.  670,  1904. 


152 


STRATIGRAPHICAL  GEOLOGY 


time.  Fully  one-half  of  the  great  Cretacic  succession  was  missing. 
If  it  ever  existed  in  the  region,  and  it  doubtless  did,  it  had  been 
entirely  removed  by  erosion.  If  ever  any  Laramie  beds  were 
present  they,  too,  in  like  manner,  had  been  swept  away. 

Out  of  the  4,000  feet  of  vertical  section  once  believed  to  repre¬ 
sent  the  Laramie  formation  not  a  single  foot  could  now  be  so 
regarded.  The  vast  Laramie  pile  of  sediments  elsewhere  clearly 
had  no  depositional  representation  here.  Stratigraphically  the 
Laramian  horizon  was  merely  the  horizon  of  the  unconformity 
plane.  But  the  latter  possibly  represented  a  time  interval  even 
longer  than  that  in  which  typical  Laramian  sediments  were  laid 
down.  Lately  W.  T.  Lee  ^  came  to  the  same  conclusion.  In  the 
Raton  region  the  tremendously  thick  Laramie  section  elsewhere 
was  represented  by  a  complete  void.  It  was  a  Laramie  hiatus. 
Deposition  took  place  in  other  parts  of  the  country;  subaerial  in 
this. 

There  is,  however,  a  larger  aspect  of  the  Laramian  unconform¬ 
ity  plane  which  should  be  noted.  It  is  a  critical  expression  of  that 
great  sedimental  revolution  which  closed  the  Mesozoic  era  on  this 
continent.  The  grand  effects  of  this  crustal  movement  was  ap¬ 
parently  not  alone  epeirogenic  in  their  nature,  but  they  were  locally 
orogenic  also.  New  Rocky  Mountains  came  into  existence;  al¬ 
though  at  a  still  subsequent  date  the  area  thus  elevated  was  again 
planed  off  to  the  level  of  the  sea.  When  sedimentation  was  re¬ 
newed  in  the  region  it  was  Tertic  deposition,  perhaps  earlier  than 
any  Eocene  deposit  that  we  know  elsewhere. 

The  old  Laramian  planation  surface  is  one  of  wide  extent.  It 
is  also  well  displayed  on  the  west  side  of  the  present  Rocky  Moun¬ 
tains  uplift,  in  the  High  Plateaus  of  eastern  Utah.  In  magnitude 
and  importance  it  seems  in  every  way  comparable  to  the  vast  Co- 
manchan  peneplain,  since  it  extended  over  all  the  southern  Rocky 
Mountain  tract.  It  appears  to  match  the  great  Miocene  peneplan- 
ation  which  the  same  region  afterwards  suffered.  Its  record  forms 
one  of  the  most  prolix  chapters  in  Rocky  Mountain  history. 

The  Laramian  hiatus  recalls  to  mind  the  Arkansan  hiatus  at  the 
base  of  the  Iowa  and  Missouri  Coal  Measures.  Like  in  the  case 
of  the  Iowa  interval  enormously  thick  deposits  are  represented 
elsewhere.  Perhaps  Iowa  Coal  Measures  gave  clue  to  the  solu- 

2  U.  S.  Geol.  Surv.,  Prof.  Pap.,  No.  101,  p.  56,  1917. 
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tion  of  the  Laramian  problem  in  Colorado  which  for  more  than 
half  a  century  so  completely  baffled  all  mining  men  and  geologists. 

Laramian  events  are  manifestly  very  much  more  important  than 
has  been  commonly  supposed.  Keyes 

Pennsylvanian  in  Time  Span.  Notwithstanding  the  fact  that  in 
recent  years  the  term  Pennsylvanian,  as  a  terranal  title  finds  wide 
application,  the  question  arises  whether  or  not  it  has  any  intrinsic 
advantages  over  the  older  and  more  widely  known  term  Coal 
Measures.  There  appear  to  be  strong  grounds  for  curtailed  usage 
of  the  name,  if  not  its  complete  abandonment  in  stratigraphy. 

When  the  title  Pennsylvanian  was  first  proposed  for  the  upper 
subdivision  of  the  general  Carbonic  section  of  America,  it  was 
with  the  express  purpose  of  designating  the  widely  known  Coal 
Measures  by  a  specific  geographic  name,  and  of  implying  a  time 
value  to  the  succession  represented.  In  an  unreasonable  prone¬ 
ness  of  that  day  amounting  almost  to  mania,  of  multiplying  geo¬ 
graphic  and  geologic  terms  and  of  giving  new  geographic  titles  to 
old  lithologic  units  future  contingencies  of  geologic  taxonomy 
were  entirely  lost  sight  of,  and  the  possibilities  of  some  more  re¬ 
fined  nomenclature  at  no  distant  date  were  not  taken  into  account. 

As  thus  suggested  Pennsylvanian  was  intended  to  be  a  time-term 
equivalent  of  a  rock  series  and  its  use  in  this  manner  was  sup¬ 
posed  especially  to  emphasize  the  naturalness  and  the  necessity  of 
a  dual  nomenclature  which  its  author  had  then  recently  also 
strongly  advocated.  But  there  proved  to  be  no  urgent  demand 
for  duplicate  sets  of  names,  particularly  when  on  every  hand  it 
was  clearly  recognized  that  a  single  set  sufficed.  The  idea  was  re¬ 
ceived  coldly.  What  a  provincial  rock  series  really  needed  was 
special  definition  in  which  the  time  element  should  find  no  place. 
The  Coal  Measures  were  found  to  be  a  rock  sequence  much  too 
ponderous  to  be  cramped  into  provincial  bounds. 

So  ill-fitting  was  the  new  geographic  title,  taxonomically,  that 
instead  of  clearly  delimiting  a  terranal  succession  for  all  time,  and 
becoming  a  world-wide  time-unit  its  proposition  and  use  served 
only  to  throw  the  classification  of  the  Coal  Measures  into  utmost 
confusion.  Taxonomic  clarity  was  impossible.  Being  merely  a 
place-name  affixed  to  an  old  and  not  less  indefinite  section  it  car¬ 
ried  with  it  all  the  objections  possessed  by  the  older  designation 
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without  providing  any  new  or  advantageous  attributes.  It  soon 
developed  that  it  was  without  delimitation  one  whet  clearer  than 
that  held  by  the  older  name  the  place  of  which  it  was  intended  to 
take. 

Raised  later  by  some  writers  to  high  dignity  with  Periodic  rank, 
and  by  others  reduced  to  inconsequential  serial  position,  it  was 
really  neither.  A  time  signification  of  periodic  proportions  was 
not  possible  because  it  would  have  to  be  applied  in  world-wide 
sense.  For  the  present,  at  least,  and  perhaps  for  all  time,  the 
term  cannot  be  expected  to  hold  time  evaluation.  With  a  pro¬ 
vincial  serial  rank  it  leaves  no  room  for  real  series,  and  there  are 
many.  An  intermediary  “group”  is  not  only  unnecessary,  but  bur¬ 
densome  and  serves  no  useful  purpose.  In  our  Continental  In¬ 
terior  for  example,  there  are  no  less  than  five  rock  series  which 
already  well  established  must  eventually  be  accepted  as  valid. 
All  are  to  be  resolved  out  of  the  Coal  Measures,  or  so-called 
Pennsylvanian  section. 

In  the  larger  sense  the  time-value  of  the  Pennsylvanian  is  much 
too  long;  in  the  lesser  sense  it  is  much  too  short.  According  to 
most  approved  canons  of  modern  nomenclature  the  title  seems  to 
have  no  taxonomic  claims.  In  view  of  all  of  these  circumstances 
the  old  name  still  has  useful  mission;  the  later  term  none.  It  is 
today  one  of  the  chief  drawbacks  to  taxonomic  progress  in  this 
country,  for  the  principle  is  far-reaching.  Until  the  term  is 
dropped  from  our  system  of  nomenclature  the  diastrophic  aspects 
of  the  Coal  Measures  stratigraphy  are  likely  to  be  continually  mis¬ 
interpreted,  and  true  advancement  made  impossible. 

Superior  Paleozoics  of  Rio  Grande.  Marine  beds  which  make 
up  the  Carbonic  sequence  of  southwestern  United  States  consti¬ 
tute  one  of  the  great  sections  of  the  American  continent.  On  the 
Rio  Grande  this  succession  of  Carbonic  rocks  is  the  most  com¬ 
plete  known.  A  great  thickness  of  strata,  4,000  feet  or  more, 
appears  to  be  the  youngest  Paleozoics  present  in  this  country  and 
perhaps  in  the  world. 

In  a  recent  review  of  the  widely  scattered  and  indifferent  litera¬ 
ture  on  the  ore  deposits  of  New  Mexico  there  are  prefaced  sketch¬ 
es  of  the  geologic  features  of  the  region.  The  Carbonic  succes¬ 
sion  comes  in  for  radical  rearrangement,  and  proposals  of  new 
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names.  It  might  be  questioned  whether,  without  something  more 
than  a  few  weeks’  field  work,  the  stratigraphic  features  of  so  vast 
an  area  may  be  advantageously  made  the  subject  of  generalization, 
or  whether  even  serial  correlation  is  worth  while.  It  is  certainly 
difficult,  at  a  distance  to  harmonize  the  various  desultory  and  scat¬ 
tered  records,  and  to  weave  them  into  a  connected  fabric  without 
long  familiarity  in  this  field. 

The  so-called  Bernalillo  shales,  comprising  the  Abo  red  beds 
and  the  Yeso  pink  beds,  immediately  overlying  the  great  lime¬ 
stones  of  the  Sandia  mountains,  are  recognized  as  belonging  to 
the  Pennsylvanian  system,  as  Herrick  and  others  long  ago  set 
forth,  and  not  to  the  Jurassic-Triassic  as  the  Federal  Survey  has 
heretofore  always  contended.  The  great  Maderan  limestone  is 
regarded  as  a  compact  stratigraphic  unit.  No  red  beds  of  Triassic 
age  are  now  thought  to  be  represented  in  the  Rio  Grande  valley; 
the  full  evidence  of  this  conclusion  had  been  stated  several  years 
before. 

\ 

Less  happily  chosen  and  far  from  convincing  are  the  various 
stratigraphic  correlations  and  the  correlations  of  the  geologic  sec¬ 
tions  already  published.  At  times  the  manifest  mis-statement  of 
the  views  and  observations  of  early  writers  on  the  region  ap¬ 
proaches  perilously  close  to  carelessness,  to  say  the  least.  To 
those  already  at  all  familiar  with  the  geology  of  the  region  and  to 
those  who  in  the  future  shall  become  familiar  with  it,  it  must  often 
appear  that  the  correlations  made  can  be  only  too  frequently  purely 
gratuitous.  Many  instances  might  be  cited.  Complete  lack  of 
presentation  of  critical  data  upon  moot  points  is  strongly  felt. 
As  to  the  assumed  importance  of  an  attempted  explanation  of  the 
stratigraphy  in  some  manner  or  other  it  is  vastly  overestimated, 
largely  irrelevant,  and,  for  so  broad  a  field  with  so  limited  a  time 
to  devote  to  it,  better  omitted  altogether.  At  least  publication 
could  well  be  deferred  until  the  data  shall  have  been  digested 
somewhat  and  the  detailed  proofs  expanded  in  some  other  con¬ 
nection. 

The  fauna  of  the  Guadalupe  Mountains  of  Trans-Pecos  Texas 
and  southeastern  New  Mexico  was  first  made  known  by  Shumard 
more  than  half  a  century  ago.  With  his  usual  paleontologic  acu¬ 
men  this  author  determined  this  fauna  to  represent  that  of  the 
true  Permian  of  eastern  Russia.  Shumard’s  descriptions  were 
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not  accompanied  by  illustrations;  and  at  the  time  of  their  publi¬ 
cation  a  heated  discussion  over  the  so-called  Permian  beds  of 
eastern  Kansas  was  occupying  the  attention  of  American  paleon¬ 
tologists,  so  that  the  discovery  of  the  Guadalupe  fossils  passed 
almost  unnoticed.  Notwithstanding  the  fact  that  Dr.  Shumard 
must  be  regarded  as  the  actual  discoverer  of  true  Permian  fossils 
in  America  it  is  to  Dr.  Girty  that  we  are  indebted  for  pointing  out 
recently  the  real  correlative  significance  of  this  novel  fauna. 

Although  Dr.  Girty's  memoir  is  mainly  taken  up  with  the  de¬ 
scriptions  of  species,  to  many  of  which  he  applies  new  names, 
his  observations  on  the  stratigraphic  relationships  of  the  Guadalu- 
pan  series  are  of  great  interest  at  this  time,  especially  since  they 
bear  so  critically  upon  the  exact  stratigraphic  position  of  the  so- 
called  Kansas  Permian  —  the  Chase  and  Marion  formations  of 
Prosser,  the  Oklahoman  series  of  other  authors,  and  the  Permo- 
Carboniferous  section  of  some  of  the  early  writers. 

The  position  of  the  Guadalupan  series  is  thus  stated:  If  the 
Guadalupan  fauna  is  Permian  then  the  Kansas  ‘Termian’^  is  not, 
for  they  differ  too  greatly  for  both  to  belong  in  the  same  epoch ; 
or,  if  it  should  prove  they  are  in  part  contemporaneous,  for  the 
same  name  to  be  applied  to  them.  At  present  I  believe  that  the 
Guadalupan  defined  below  by  its  oldest  known  fauna  is  younger 
than  the  Kansas  “Permian”  and  that  it  belongs  to  a  different 
epoch.”.  .  “It  does  not  seem  to  me  necessary  to  regard  the 
Russian  Permian  as  the  last  chapter  in  the  Paleozoic  history.” 
Dr.  Girty’s  elaborate  comparison  with  the  standard  Russian  sec¬ 
tion  is  particularly  instructive,  and  illuminating;  and  seems  fully 
to  corroborate  a  similar  parallelism  made  by  others  a  decade  ago 
after  a  careful  examination  of  the  original  Permian  province 
in  company  with  Tschernychew,  and  other  leading  Russian 
geologists  who  had  long  worked  in  that  field. 

Of  far  different  character  is  the  work  recorded  in  the  “Manzano 
Group  of  the  Rio  Grande  Valley.”  Although  the  author  makes 
no  mention  of  an  already  rather  copious  literature  on  the  subject, 
that  same  literature  sets  forth  even  more  fully  than  he  does  several 
of  his  principal  conclusions,  and  of  some  of  the  remaining  con¬ 
clusions  presents  unimpeachable  evidence  disproving  their  accuracy - 
long  before  they  were  published. 

When  Mr.  Lee  states  that  “The  name  ‘Red  Beds’  has  been  so 
constantly  applied  to  these  rocks  that  it  has  come  to  have  more 
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or  less  of  a  time-significance,  and  red  sediments  of  indeterminate 
age  in  the  Rocky  Mountain  region  are  sometimes  referred  to  as 
the  ‘Jura-Triassic^  Red-Beds,”  he  seems  to  overlook  the  fact  that 
the  only  instances  of  such  a  course  is  by  the  Federal  organization 
of  which  he  is  a  member.  Since  Mr.  Lee  is  the  very  person  who 
fastened  the  Jura-Triassic  title  to  the  red  beds  of  the  Rio  Grande 
valley  it  seems  quite  unusual  that  he  should  now  leave  it  to  be 
inferred  that  by  discarding  it  he  is  correcting  grave  errors  of  oth¬ 
ers.,  I  speak  advisedly.  In  the  cases  of  the  reports  on  the 
Jornada  and  of  the  Estancia  Plains  the  term  Bernalillo  Shales  was 
used  for  these  very  beds  and  their  Mid-Carbonic  age  distinctly 
argued  for;  but  in  the  editing  the  name  was  struck  out  and  Jura- 
Triassic  inserted  —  in  all  places  but  one. 

The  explanatory  statement  on  page  8  is  manifestly  pre-eminent¬ 
ly  true  of  the  work  of  the  Federal  Survey,  thus  far  done  in  the 
region.  There  has  been  some  very  passable  outside  geologic 
work  done  in  the  region,  Mr.  Lee  to  the  contrary  notwithstanding. 
In  this  connection  the  investigations  of  Professor  Herrick  may 
be  noted.  ^ 

Although  Professor  Herrick  was  primarily  a  biologist  his  geol¬ 
ogic  work  in  New  Mexico  is  not  without  value.  The  ten  years 
which  he  spent  in  strictly  geologic  and  mining  investigations  in  the 
Rio  Grande  valley  gave  him  a  strong  grasp  on  the  understanding 
of  the  essential  features  of  the  stratigraphy.  His  descriptions  are 
lucid,  and  his  sections  are  clearly  delimited  and  located.  There  is 
little  difficulty  in  recognizing  on  the  ground  what  he  described, 
and  there  is  seldom  any  obscurity  as  to  what  he  meant.  In  the 
matter  of  local  geologic  nomenclature  his  conservatism  was  per- 
'  haps  too  pronounced.  In  his  preliminary  notes  he  steadily  re¬ 
frained  from  publishing  new  names  of  formations;  and  death 
overtook  him  before  his  last  word  was  said.  It  is  not  strange 
then  that  Mr.  Lee  in  making  a  “rapid  reconnaissance,”  whatever 
that  may  be,  over  a  line  as  long  as  the  distance  from  New  York 
to  Cincinnati,  and  over  a  region  infinitely  more  complicated  struc¬ 
turally,  should  find  “in  some  cases  the  name  has  been  applied 
apparently  to  different  formations,  and  in  other  cases  the  descrip¬ 
tion  of  beds  and  the  application  of  names  are  too  ambiguous  to  be 
interpretable.”  This  is  far  from  my  own  rather  extensive  experi¬ 
ence  in  this  region.  I  account  for  it  only  in  one  way. 
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Regarding  the  term  Manzano  Group,  which  Mr.  Lee  applies  to 
the  reddish  shales  and  sandstones  lying  above  the  main  limestones 
of  the  Sandia  and  Manzano  mountains,  and  his  adaptation  of 
Professor  Herrick’s  alleged  usage  of  it  as  a  geographic  name,  there 
seems  to  be  decided  misapprehension.  Professor  Herrick,  as  his 
various  writings  clearly  show,  never  formally  proposed  this  term 
as  a  specific  formational  title.  His  name  “Manzano  Series,”  for 
instance,  was  distinctively  a  term  given  to  any  part  of  the  rock- 
sequence  exposed  in  the  Manzano  mountains.  In  like  manner  he 
had  a  similar  title  for  the  exposed  section  of  every  mountain 
range  throughout  the  region.  His  usage  of  the  word  series  surely 
was  intended  to  carry  no  taxonomic  significance  whatever.  By 
him  the  word  series  was  used  in  the  same  way  that  Professor  Ha¬ 
worth  often  applied  the  name  system  to  small  lithologic  units  in 
Kansas;  and  as  most  geologists  use  the  word  section,  sequence, 
or  succession.  So  the  Manzano  series  of  Herrick  was  merely  the 
Manzano  Mountain  section  of  any  geologic  formation,  irrespec¬ 
tive  of  age. 

The  incongruity  of  Mr.  Lee’s  adoption  of  Herrick’s  title  Man¬ 
zano  Series  as  a  formational  name  for  the  reddish  or  pinkish  beds 
of  the  Sandia-Manzano  range  is  well  shown  by  the  fact  that  Pro¬ 
fessor  Herrick  specifically  stated  that  the  lower  part  has  a  Permian 
equivalency,  the  middle  part  is  probably  of  Jurassic  age,  and  the 
upper  portion  Triassic  in  age.  This  fact  alone  would  prevent  the 
continued  usage  of  the  term  as  a  valid  geologic  title  in  the  sense 
that  Lee  suggests.  In  the  use  of  the  term  Permian,  Herrick 
always  had  in  mind  the  Permo-Carboniferous  section  of  Kansas 
—  the  Chase-Marion  beds  and  not  the  original  Russian  Permian 
succession. 

In  the  Sandia-Manzano  range  the  term  Manzano  has  priority 
in  still  another  sense.  As  to  the  unity  and  geologic  age  of  the 
sequence  of  reddish  or  pinkish  beds  exposed  in  the  Manzano 
Mountains,  and  by  Mr.  Lee  included  under  the  title  of  Manzano 
group,  it  was  fully  and  conclusively  demonstrated  nearly  two 
decades  ago  that  neither  the  so-called  Permian  Red  Beds  (Cimar- 
ronian  series  of  Kansas  and  eastern  New  Mexico)  nor  the  Triassic 
red  beds  are  represented,  but  that  the  red  beds  there  displayed  were 
entirely  of  Mid-Carbonic  age,  and  were  to  be  correlated  with  the 
Oklahoman  series  of  eastern  and  central  Kansas  —  the  Chase  and 
Marion  formations.  Herrick  had  already  published,  five  years 
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previously,  the  same  conclusions  regarding  the  lower  part,  basing 
his  deductions  upon  abundant  collections  of  fossils.  Distinctly 
based  upon  Herrick’s  entire  section  of  the  Sandia-Manzano  moun¬ 
tains  red  beds  which  he  had  carefully  measured,  definitely  located, 
and  properly  published  was  the  proposed  title  Bernalillo  shales. 
This  name  was  thus  defined  and  published  in  some  obscure  gov¬ 
ernment  reports  and  a  number  of  other  places,  but  in  the  editing 
of  the  report  of  the  Jornada  del  Muerto  the  term  Jura-Triassic 
was  by  some  one  substituted  in  the  proofs. 

The  addition  by  Mr.  Lee  of  a  capping  member  —  the  so-called 
San  Andreas  limestone,  to  his  Manzano  red  beds  does  not  make 
the  title  valid,  just  because  the  limits  are  somewhat  different  from 
those  of  the  Bernalillo  fcrmation.  The  existence  of  a  thick  dark 
limestone  above  the  Bernalillo  shales  as  urged  by  him  seems  some¬ 
what  questionable.  There  surely  will  have  to  be  very  much  better 
evidence  adduced  before  this  assertion  can  be  accepted.  There  are 
many  recorded  observations  which  strongly  militate  against  this 
notion.  Indeed,  there  appears  to  be  very  clear  testimony  of  pro¬ 
found  faulting  which  has  locally  raised,  as  it  were,  the  lower 
limestone  above  the  level  of  the  red  shales.  In  the  San  Filice 
range  east  of  Socorro,  this  fault  has  been  tested  by  the  drill  and 
a  displacement  of  nearly  1,000  feet  found.  Similar  faulting  back 
of  the  Sandia  and  Manzano  ranges  brings  the  lower  limestone 
above  the  same  shales,  in  the  same  way  as  it  does  in  the  Caballos 
and  Oscura  ranges.  Little  wonder  is  it  that  Mr.  Girty  comments 
with  surprise  upon  the  wonderful  similarity  of  the  fossils  that 
were  collected  for  him  from  the  limestone  beneath  the  shales  and 
from  the  alleged  limestone  above. 

As  he  has  in  person  repeatedly  explained,  and  as  his  published 
writings  clearly  show.  Professor  Herrick  never  intended  formally 
to  propose  any  of  the  geologic  titles  mentioned.  The  formal  pro¬ 
posal  of  geographic  titles  and  their  special  definition  was  reserved 
for  a  subsequent  memoir,  which  I  believe,  was  nearly  completed 
at  the  time  of  his  demise.  The  intentional  informal  character  of 
the  few  geographic  names  that  he  did  use  is  succinctly  indicated 
in  all  of  his  writings.  His  term  Manzano  beds,  for  example,  is 
used  in  several  very  different  senses  in  as  many  places;  one  re¬ 
ferring  only  to  the  thick  gray  limestone  at  the  bottom  of  the  red¬ 
dish  beds  —  the  so-called  quartzite  layer  at  the  top  of  his  “Sandia” 
shales. 
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As  first  distinctly  defined  by  Herrick  the  Sandia  formation 
referred  only  to  about  100  feet  of  shales  and  thinly  bedded  lime¬ 
stones,  and  this  terrane  is  sharply  separated  from  the  superincum- 
bant  600  to  800  feet  of  dark  limestones,  which  in  turn  are  again 
followed  by  gray  limestones.  It  is  extremely  doubtful  whether 
the  basal  Sandia  shales  are  represented  at  all  in  the  Magdalena 
and  Socorro  mountains  100  miles  to  the  south.  It  is  certainly 
quite  inadvisable  to  try  to  expand  the  term  Sandia  formation  be¬ 
yond  its  original  limits. 

If  the  blue  and  grey  limestones  below  the  reddish  shales  of  the 
Sandia  and  Manzano  ranges  are  to  be  thrown  together,  which 
seems  very  unwise,  the  term  Magdalena  group  recently  proposed 
is  clearly  synonymic.  Richardson’s  title  of  Hueco  Group  seems 
to  cover  the  section  exactly,  and  has  the  great  advantage  of  being 
at  least  recognizably  defined. 

The  Maderan  series  appears  separable  from  the  Manzanan 
series  upon  the  same  faunal,  as  well  as  other  grounds,  as  the  Mis¬ 
sourian  and  Oklahoman  series  in  Kansas.  It  appears  as  a  three¬ 
fold  series,  as  exposed  in  the  north  in  the  Sandia  mountains,  the 
main  limestone  member  being  only  about  400  feet  in  thickness. 
This  member  becomes  rapidly  thicker  to  the  southward,  possibly 
reaching  a  total  thickness  of  over  3,000  feet.  This  superior  lime¬ 
stone  part,  or  Maderan  member,  is  included  in  the  Hueco  forma¬ 
tion  of  the  Trans-Pecos  Texan  region.  If  the  name  Hueco  is  to  be 
retained  it  could  be  probably  made  to  fit  the  median  member.  To 
the  third  and  uppermost  member,  composed  of  shales  and  sand¬ 
stone  having  a  pinkish  or  reddish  coloration,  the  title  Bernalillo 
shales  cannot  be  very  well  set  aside. 

There  is  surely  some  grave  misconception  in  regard  to  the 
usage  by  Mr.  Lee  of  the  term  Maderan  formation.  As  a  geologic 
title  the  name  was  never  used  in  print  by  Professor  Herrick,  as 
is  stated.  By  me  the  term  was  distinctly  applied  to  the  Carbonic 
limestone  section  in  the  Sandias,  above  the  dark  limestone  to 
which  was  given  the  name  of  Manzanan  series.  In  the  Magdalena 
mountains  I  do  not  think  that  this  formation  is  at  all  represented. 

Of  exceptional  value  are  Dr.  Girty’s  tabulated  paleonto logic 
data.  As  in  the  case  of  his  similar  records  of  the  Carbonic  faunas 
of  Kansas,  the  facts  displayed  furnish  some  of  the  best  possible 
proofs  that  we  have  of  the  invalidity  of  many  of  the  more  purely 
stratigraphic  contentions. 
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Physiographic  Paradox  of  the  Desert.  Fresh  from  his  green 
homeland  in  pluvial  clime  the  stranger  on  the  desert  finds  striking 
anomalies  abounding  on  every  hand.  Everything  in  nature  ap¬ 
pears  to  be  reversed.  Seemingly  common  features  easily  ex¬ 
plained  in  the  moist  country  in  arid  lands  are  without  reason  for 
their  existence.  General  leveling  and  lowering  of  the  land  sur¬ 
face  manifestly  goes  on  in  the  desert  as  fast  as  in  humid  tracts 
but  without  appreciable  aid  from  rains  or  streams. 

Deserts  are  strictly  climatic  productions.  They  are  the  areas 
of  earth  having  the  smallest  precipitation  combined  with  the  great¬ 
est  evaporation.  The  notable  dearth  of  plant-growth  which  give 
them  title  is  merely  a  necessary  consequence  of  this  deficient  mois¬ 
ture.  In  two  broad  bands  arid  tracts  girdle  the  earth,  on  either 
side  of  the  tropics.  Deserts  are  described  as  lithogenetically  equiv¬ 
alent  to  sea-basins  without  out-flow.  For  the  development  of  the 
landscape  effects  of  such  regions  we  now  begin  to  look  to  the  wind 
and  not  to  water  for  chief  graving-tool. 

To  one  used  to  only  the  landscape  perspective  of  humid  coun¬ 
tries  the  desert  appears  full  of  paradox.  There  are  copious  rains 
which  often  wet  not  the  soil.  Gushing  springs  exist  but  they  do 
not  give  rise  to  water-ways.  Babbling  mountain  brooks  are  short¬ 
er  than  their  slopes;  and  they  are  as  discontinuous  at  their  lower 
ends  as  at  their  heads.  Lakes  there  are  which  never  overflow  their 
basins ;  they  often  spring  forth  in  a  night ;  and  after  a  few  weeks 
not  a  trace  of  them  is  ever  again  seen.  The  few  great  rivers  which 
traverse  dry  regions  receive  no  lateral  augmentation  to  their  waters 
within  the  boundaries  of  the  arid  country;  and  they  are  smaller 
when  they  leave  these  districts  than  when  they  enter  them ;  they 
take  no  part  in  the  general  leveling  and  lowering  of  the  region; 
they  are  wanderers  in  a  strange  land  —  perhaps  apparitions  of  a 
bygone  age. 
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The  relief  features  are  even  more  puzzling.  Plains  form  the 
dominant  characteristics ;  they  are  as  vast  and  apparently  as 
smooth  as  glassy  ocean.  The  mountains  which  often  rise  so 
abruptly  are  rugged  and  lofty,  and  devoid  of  fringing  foothills; 
they  are  enisled  by  level  earth  as  perfectly  as  they  could  be  by 
the  sea.  Vast  lake-basins  abound  with  never  a  sheen  of  water. 
There  are  deep  trenches  which  never  saw  sign  of  river ;  and  long 
pitching  valleys  branching  as  often  at  their  lower  ends  as  at  their 
upper  extremities.  Despite  their  high  gradients  the  intermontane 
plains  remain  devoid  of  traceable  drainage-channels. 

Evidences  of  prodigious  rock-wasting  are  apparent  on  every 
hand  yet  there  are  phenomenally  small  amounts  of  debris,  and  no 
residual  mantle  whatever.  Decomposition  of  the  rocks  proceeds 
from  below  instead  of  from  above.  Often  large  areas  of  soil  are 
covered  by  a  layer  of  small  stones  set  closely  together  as  in  a 
mosaic,  which  is  polished  or  ‘Vanished”  like  a  drawing-room  floor. 

There  are  vast  forests  turned  to  stone.  A  coloquial  saying  that 
in  the  arid  land  one  digs  for  wood  and  climbs  for  water,  is  liter¬ 
ally  true. 

Throughout  the  moister  regions  of  the  globe,  or  those  parts 
with  which  the  majority  of  us  are  most  familiar,  moving  water  is 
so  universally  regarded  as  the  chief  agent  of  denudation  that  other 
erosional  means  seldom  receive  more  than  bare  mention.  In  arid 
districts  there  appears  to  be  a  reversal  of  the  relative  activities  of 
the  erosive  processes.  Water-action  is  of  quite  secondary  conse¬ 
quence  ;  wind-scour  is  not  only  the  most  vigorous,  but  often  almost 
the  sole  erosive  power. 

^  Keye:s. 

Measure  of  Bolic  Depletion  of  Great  Plains.  Relations  of  the 
dust  clouds  along  the  Missouri  River  to  the  adjoining  loess  mantle 
are  now  well  understood.  On  a  much  larger  scale  is  the  dust 
storm  which  ofitimes  enters  the  humid  region  from  the  neighbor¬ 
ing  arid  country.  Occasionally  such  storms  are  of  almost  desert 
fierceness;  and  not  only  traverse  the  Great  Plains  but  the  grass- 
clad  prairies  beyond.  So  remarkable  are  these  dust  storms  that 
they  have  been  minutely  described. 

One  of  unusual  duration  and  severity  took  place  in  the  Missis¬ 
sippi  Valley  in  March,  1902.  During  a  period  of  three  days  the 
sun  was  completely  obscured,  a  dense  dry  fog  hung  as  a  dark  pall 
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over  an  area  equal  nearly  to  one-fifth  of  that  of  the  United  States. 
Throughout  these  days  all  work  in  the  cities  was  carried  on  by 
gas-light  just  as  if  it  were  night,  and  street  lamps  remained  burn¬ 
ing  continuously  for  more  than  seventy  hours.  The  dense  drift¬ 
ing  dusts  made  traveling  impossible.  Breathing  at  times  became 
difficult.  Neither  man  nor  beast  ventured  forth  except  when  ab¬ 
solutely  compelled  to  do  so.  Impalpably  fine  soil  sifted  in  through 
every  crack  and  crany  of  the  dwelling  houses.  Dust  was  every¬ 
where.  In  all  respects  this  great  gale  was  a  typical  desert  simoon. 

Desert  conditions  were  especially  set  for  this  great  dust  storm. 
For  some  weeks  previously  the  winter  snows  had  disappeared  from 
'  off  the  ground.  There  had  been  a  long  spell  of  exceedingly  dry 
weather  for  this  time  of  the  year.  Vegetation  had  not  yet  begun 
to  spring  forth.  After  the  winter’s  freezing  the  soil  had  become 
exceptionally  pulverulent.  All  over  the  bared  plains  between  the 
Rocky  Mountains  and  the  Mississippi  River  the  same  conditions 
prevailed. 

As  this  strong  gale  set  in  from  the  west,  over  ground  thus 
especially  prepared  for  it,  prodigious  quantities  of  fine  soil  were 
at  once  set  in  motion  and  driven  eastward  in  a  stream  600  miles 
wide  and  thousands  of  feet  high.  The  bottom  of  the  air  current 
was  as  thick  with  sediment  as  a  river  current  at  flood  time  and 
was  rushed  onward  ten  times  faster.  Besides  the  fine  soil  mate¬ 
rials  floated  forward  on  the  wings  of  the  wind  vast  volumes  of 
sand  and  even  coarse  rock-waste  were  propelled  along  the  surface 
of  the  ground  accumulating  in  protected  places,  after  the  manner 
of  snow-drifts,  in  tremendous  dunes.  In  myriads  of  situations  on 
the  bare  prairies,  or  in  the  plowed  fields,  the  soil  was  removed 
over  many  square  miles  to  depths  of  three  or  four  inches  to  a  foot 
or  more.  In  arid  lands  simoons  of  this  description,  occurring 
month  in  and  month  out  throughout  the  year,  give  some  slight 
conception  of  the  vast  potency  of  wind-scour  in  the  favored  situa¬ 
tions  of  the  deserts. 

Aside  from  the  great  interest  which  such  dust  storms  have,  as 
exemplifying  the  efficiency  of  eolic  powers  of  erosion,  the  imme¬ 
diate  results  have  a  direct  bearing  upon  the  rate  of  continental 
depletion.  The  measurement  of  the  sediment  carried  to  the 
ocean  by  large  rivers,  as  the  Mississippi  River,  utilized  by  Hum¬ 
phreys  and  Abbot,  instead  of  being  a  guage  of  regional  denuda- 
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tion  by  which  the  lowering  of  a  continent  may  be  reduced  to  years, 
is  thus  found  to  be  only  the  difference  between  upbuilding  and 
the  amount  of  rain-wash.  In  the  instance  of  the  Humphrey  and 
Abbot  areal  unit,  their  figures  are  much  too  small  for  the  west 
half  of  the  region,  and  much  too  large  for  the  east  half.  All  this 
is  quite  independent  of  diastrophic  movement  which  provides  other 
disturbing  factors  which  are  never  evaluated. 

Wind-borne  dusts  from  western  deserts  are  alone  today  prob¬ 
ably  depositing  materials  over  the  entire  Mississippi  Valley  faster 
that  the  great  stream  and  its  tributaries  are  carrying  this  rock 
waste  to  the  sea.  In  recent  geological  times  also  the  western  half 
of  the  basin  actually  receives  upon  its  surface  deposits  to  a  thick¬ 
ness  of  not  less  than  1,000  feet.  The  Mississippi  River  has  not 
only  not  been  equal  to  the  task  of  doing  its  normal  amount  of 
work  but  it  has  been  so  incapacitated  as  to  permit  this  prodigious 
volume  of  debris  to  accumulate  until  its  original  Tertic  surface  is 
already  carried  far  beneath  sea-level.  Nowhere  on  earth  is  there 
finer  exemplification  of  vast  continental  sedimentation. 

K^yKS. 

Desert  Soil  Sorting  by  Winds.  In  the  arid  regions  of  the  globe 
separation  of  the  finer  from  the  coarser  materials  of  rock  waste 
by  air  in  motion  is  comparable  in  every  way  to  the  elutriation  of 
sediment  by  streams  or  water  currents.  In  humid  lands  where 
at  rare  intervals  conditions  are  such  as  to  permit  soil-flowing  to 
take  place,  it  is  convenient  to  recognize,  according  to  size  of  com¬ 
ponents,  several  grades  of  concentrates.  Lag-gravels  include  all 
rock-waste,  the  fragments  of  which  are  too  large  to  be  moved  by 
the  winds.  Coarse  sands  and  fine  sands  ricochet  over  the  surface 
of  the  ground  until  completely  separated  from  the  heavy  gravels. 
The  dust  content  of  the  soil  is  at  once  deflated  and  exported. 

With  the  lag-gravels  and  rock  debris  left  behind  are  also  the 
heavy  rock- forming  minerals  however  small  may  be  the  crystals. 
These  include  magnetite,  pyrite,  augite,  and  the  like.  In  addition 
there  is  gold  which  seems  to  be  so  universally  distributed  as  vir¬ 
tually  to  form  a  golden  carpet  of  the  desert. 

When  the  future  of  the  precious  metals  is  taken  into  consider¬ 
ation  the  potentialities  of  desert  countries  for  great  supplies  of 
gold  are  never  seriously  reckoned.  As  a  distinctly  novel  field  of 
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mining  activity  the  gold  deposits  of  arid  region  command  close 
attention.  The  desert  is  peculiarly  the  home  of  the  yellow  metal, 
which  everywhere  else  is  so  elusive.  It  is  now  known  that  desert 
lands  are  literally  paved  with  this  glamorous  material.  When  it 
is  recalled  that  no  less  than  one-fifth  of  the  land  surface  of  the 
globe  is  composed  of  arid  tracts,  and  that  still  another  one-fifth 
is  profoundly  influenced  by  climatic  conditions  of  aridity,  the 
gold  out-look  is  almost  appalling. 

Thirty  centuries  have  passed  since  King  Solomon  of  the  An¬ 
cients  so  successfully  cornered  the  world’s  gold  market  and  looked 
to  fabulous  Ophir,  in  the  African  desert,  for  his  greatest  glory. 
We  Moderns  are  just  beginning  to  rediscover  the  same  intimate 
association  of  desert  and  gold.  The  suggestion  has  strong  scienti¬ 
fic  support.  There  is  genetic  relationship  between  the  two  phe¬ 
nomena  which  can  no  longer  be  ignored.  This  fact  once  estab¬ 
lished  in  a  practical  way  has  but  one  meaning.  It  points  to  the 
early  overthrow  of  gold’s  supremacy  as  the  world’s  great  trade 
arbiter. 

In  the  waterless  wastes  of  the  globe  nature’s  own  process  is 
taken  advantage  of  by  the  miners,  where  “dry  washing”  is  resorted 
to  to  remove  the  lighter  soil  and  sands  from  the  heavier  gold. 
This  winnowing  method  is  the  only  way  of  obtaining  the  precious 
metal  from  the  desert  gravels  in  various  parts  of  central  Asia. 
The  recent  discovery  then  of  the  basic  principles  involved  in  the 
localization  of  gold  in  the  vast  terrains  of  desert  agglomerates  for 
example,  and  the  devising  and  perfecting  of  practical  and  easy 
means  of  its  economical  extraction  on  a  large  scale  bids  fair  to 
eclipse  all  other  known  methods  for  the  copious  recovery  of  the 
metal.  It  opens  up  an  entirely  new  field  of  gold  mining.  It 
makes  feasible  mining  operations  and  great  enterprises  that  were 
utterly  impossible  before.  In  reducing  extraction  costs  it  as  far 
surpasses  the  cyanide  process  as  that  treatment  did  all  former 
methods  practiced. 

That  the  desert  should  be  the  main  gold  repository  of  our  globe 
is  not  alone  indicated  by  the  many  great  mines  recently  opened 
up  in  such  situations,  but  it  is  one  of  the  first  of  the  larger  fruits 
of  the  newly  established  law  of  ore  localization,  which  seems 
destined  to  become  one  of  the  first  half-dozen  great  thoughts  which 
geological  science  of  the  Twentieth  century  shall  bequeath  to  man- 
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kind.  Its  adequate  explanation  constitutes  a  fairy  chapter  of  its 
own. 

In  view  of  these  several  considerations  alone  there  appears  to 

be,  after  the  disturbances  of  the  World  War  shall  have  passed, 

little  prospect  of  any  immediate  or  appreciable  falling  off  in  the 

world’s  supplies  of  gold.  On  the  other  hand,  all  indications  are 

for  vast  increases.  „ 

Keyes. 

Elutriation  of  Diamonds  by  the  Winds.  Mining  of  precious 
stones  by  means  of  the  winds  is  something  new  in  the  winning  of 
wealth  from  Earth.  Yet  the  method  is  a  natural  process,  closely 
akin  to  the  elutriation  of  gold  by  hydrolic  means,  and  is  a  process 
of  common  practice  in  the  chemical  laboratory.  On  the  Namaqua 
Coast  of  German  Southwest  Africa  diamonds  are  recovered  from 
the  sands  of  that  verdureless  and  inhospitable  desert,  where  they 
are  brought  down  to  the  sea  by  the  intermittent  streams,  both 
ancient  and  modern. 

Since  the  stones  exhibit  virtually  no  wear  it  is  taken  as  evidence 
that  they  are  not  transported  far  from  their  source.  This  fact 
leads  those  who  associate  the  gem  with  the  volcanic  rock  called 
kimberlite,  to  look  for  mother  pipe  which  fancy  longs  should  be 
somewhere  near.  Search  for  such  kimberlite  pipes  is  amply  re¬ 
corded;  but  unexpectedly  the  rock  is  found  to  be  quite  barren  of 
stones.  Inasmuch  as  it  is  quite  manifest  that  the  coast  region  has 
undergone  prodigious  erosion,  so  that  thousands  of  feet  of  the 
original  pipe  are  removed  it  seems  logical  to  assume  that  the  rea¬ 
son  why  the  pipes  are  unproductive  is  the  probability  that  denuda¬ 
tion  has  reached  below  the  diamond-bearing  levels. 

The  eolian  elutriation  of  diamonds  from  the  desert  sands  is  thus 
described  by  Mr.  J.  W.  Finch,^  who  recently  especially  studied 
these  gem-fields.  “The  two  principal  oldest  river  channels  crossed 
the  region  just  south  of  the  Pomona  area.  From  the  latter  dia¬ 
monds  have  been  distributed  by  two  transverse,  second-period 
streams,  one  of  which  entered  Elizabeth  Bay.  In  the  latter  region 
a  later  river,  of  a  third  period,  redistributing  diamondiferous 
gravels  of  the  two  former  periods,  entered  the  sea  at  approxi¬ 
mately  the  same  point.  The  rich  conglomerates  within  the  Pomo¬ 
na  area  are  a  concentration  of  diamonds  by  an  old  river  of  the 

1  Eng.  and  Min.  Jour.,  Vol.  CXIII,  p.  318.  1922. 
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first  period  combined  with  wave-action  along  an  ancient  shore¬ 
line.  The  topography  of  the  Pomona  area  is  somewhat  rugged, 
and  this  first-period  river  channel  has  been  removed  to  inland 
points.  The  former  rivers  were  probably  intermittent,  flood  riv¬ 
ers  as  are  those  today,  and  materials  brought  down  toward  the 
coast  by  them  were  reworked  by  the  winds  concurrently,  as  now. 

“That  the  present  wide  distribution  of  the  diamonds  has  been 
accomplished  by  wind  transportation  is  unquestionable.  The  dia¬ 
monds  of  the  Pomona  area  gradually  decrease  in  size  northward 
from  the  old  river  deposits  in  that  region;  then  again,  about  the 
mouths  of  the  river  channels  of  the  several  periods,  in  the  Eliza¬ 
beth  Bay  region,  coarse  diamonds  are  found,  thence  gradually 
decreasing  in  size  northward  to  the  limits  of  the  field.  In  the 
latter  region  it  is  clear  that  the  winds  have  moved  and  redeposited 
the  diamonds  and  other  associated  materials  for  a  distance  of  fifty 
kilometers,  or  over  thirty  miles,  and  fine  sands  several  times  furth¬ 
er.  This  is  not  at  all  astonishing  to  one  who  visits  the  fields  and 
watches  the  wind  in  operation.  Its  most  important  economic 
effect  has  been  a  concentration  of  diamonds  which  is  largely  re¬ 
sponsible  for  the  payability  of  the  fields.  As  the  sands  and  grav¬ 
els  advance  northward,  barren  fine  sands  are  removed  and  carried 
beyond  to  a  great  group  of  dunes.  These  are  of  such  size  as  to 
resemble  a  mountain  range,  and  this  vast  bulk  of  worthless  mate¬ 
rial  has  been  removed  by  nature  from  the  diamond  deposits.’' 

Now,  according  to  the  well-known  laws  of  desert  elutriation,  if 
sufficient  time  be  allowed,  considerable  areas  amounting  to  square 
miles  perhaps,  might  result  in  the  formation  of  typical  desert 
pavements,  or  mosaics,  in  which  the  gravel  would  be  composed 
chiefly  of  diamonds.  This  method  of  concentration  has  no  rivals 
among  human  efforts.  An  acre  of  such  desert  pavement  would 
contain  about  fifty  millions  of  the  region’s  average-size  stones. 
At  prevailing  prices  this  diamond  carpet  of  the  desert  would  have 
a  value  of  five  billions  of  dollars  per  acre.  Since  the  Government 
holds  something  like  500  square  miles  of  these  diamondiferous 
gravels,  has  a  like  area  for  entry,  and  already  has  under  lease  to 
private  corporations  about  200  square  miles,  it  is  evident  that  the 
Germans  in  pre-war  days  neglected  their  geologists  fully  as  much 
as  they  did  during  the  Great  War  when  they  put  the  scientists  in 
the  firing  line  along  side  of  meanest  peasant,  instead  of  in  posts 
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of  responsibility,  in  marked  contrast  to  Russian  Bolshevik  who 
ranks  geologist  before  major  general.  They  allowed  to  fall  un¬ 
bidden  into  the  lap  of  England  properties  sufficient  to  pay  in  full 
not  only  all  reparations  but  all  the  cost  of  the  war  to  all  nations. 

Had  France  in  1884  but  graciously  adhered  to  the  Berlin  Con¬ 
ference  treaty,  when  Dark  Continent  destinies  were  settled  for  all 
time  by  the  nations  of  Earth,  and  a  first  League  of  Nations  as 
composed  by  an  American,  John  Adam  Kasson,  of  Iowa,  was 
agreed  to,  she  might  at  this  distant  day  have  had  no  further  trouble 
regarding  full  satisfaction  from  Germany.  Whether  or  not  the 
Congo  Treaty  is  still  a  vital  force  regardless  of  the  outcome  of 
the  European  War,  England  has  certainly  secured  her  share  of 
booty.  Had  the  United  States  Senate  not  refused  to  become 
signatory  to  that  treaty,  America  would  not  today  have  to  demand 

payment  of  war  debts  from  Europe.  ^ 

K.KYES. 

Significance  of  Girdled  Mountain.  The  startling  abruptness 
with  which  many  desert  ranges,  without  intervention  of  foot-hills, 
rise  out  of  the  general  plains-surface  is  one  of  the  noteworthy 
relief  expressions  characterizing  arid  lands.  These  positive  feat¬ 
ures  of  landscape,  set  in  waterless  waste,  present  physiographic 
aspects  so  youthful  as  to  be  to  a  visitor  from  humid  lands  puzzling 
beyond  belief.  So  steep,  so  straight,  so  recently  seemingly,  are 
the  precipitous  faces  of  the  mountains  that  they  are  commonly 
regarded  as  the  actual  fault-scarps  that  attended  the  upraising 
of  the  orographic  blocks.  On  this  main  premise  rests  the  Gilbertian 
hypothesis  of  Basin  Range  structure. 

Critical  examination  of  the  Desert  ranges  during  a  period  of 
half  a  century  appears  not  to  have  gotten  the  fault-block  idea  of 
origin  beyond  the  state  of  a  brilliant  guess.  The  fact  that  many 
of  the  tilted  mountain-blocks  are  steeply  faced  on  more  -than  one 
side  appears  to  have  escaped  notice  entirely,  at  least  it  is  not  men¬ 
tioned  in  any  of  the  descriptions.  That  many  of  these  ranges 
are  in  reality  completely  girdled,  as  it  were,  makes  little  impres¬ 
sion  on  the  minds  of  the  advocates  of  the  dissected  fault-block 
conceit.  Closely  inspected  concerning  their  actual  tectonic  make¬ 
up  some  of  the  most  typical  of  the  tilted  mountains  are  found  to 
be  really  inconsequential  bosses  on  the  shield  of  a  much  broader 
orographic  block.  The  general  plains-surface  about  constitutes  a 
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wide  shelf  running  entirely  around  the  central  elevation  much  in 
the  same  way  that  the  continental  shelf  borders  the  large  land 
areas  of  the  globe. 

Whether  composed  of  modern  volcanics,  ancient  crystallines, 
or  old,  indurated  elastics,  the  desert  mountain  masses  are  always 
the  very  resistant  rocks.  In  marked  contrast,  even  more  so  than 
in  humid  regions,  the  intermontane  plains,  or  lowlands,  are  nota¬ 
bly  the  belts  of  the  weak  rocks.  There  is  this  difference  in  the 
relief  contrasts  of  the  arid  lands :  A  considerable  part  of  the  hard 
mountain-block  also  belongs  to  the  lowland  plain.  The  ancient 
fault-line,  if  it  ever  existed,  along  which  the  orographic  block  was 
supposed  to  be  tilted  is,  when  it  can  be  located,  found  ofttimes  to 
be  several  miles  out  on  the  plains.  This  lowland  belt  of  mountain- 
block  has  somewhat  higher  gradient  than  the  general  plains-sur- 
face  and  is  distinguished  by  the  special  name  of  the  Bajada  Belt. 
The  plains-belt  of  the  orographic-block  which  surrounds  the  moun¬ 
tain  is  frequently  wider  than  the  width  of  the  mountain  base.  Its 
even  surface  is  manifestly  produced  by  the  same  erosive  powers 
as  the  plains  themselves.  Whatever  the  process  the  general  plains- 
surface  now  extends  far  back  into  the  orographic  block.  The 
mountain  is  completely  girdled.  Its  slopes  are  rendered  unex¬ 
pectedly  rugged.  Its  mass  becomes  perfectly  enisled.  It  stands 
out  in  boldest  cameo  on  its  orographic  base. 

The  girdling  may  not  be  at  the  same  height  on  diiferent  sides  of 
the  mountain.  This  feature  is  especially  well  displayed  on  the 
Sierra  de  los  Caballos  in  central  New  Mexico  (Fig.  12). 


170 


EOLIAN  GEOLOGY 


None  of  the  supporters  of  the  dissected  fault-block  idea  of  form¬ 
ation  of  the  desert  ranges  ever  explain  the  steep,  straight  scarp 
on  the  down-slope  side  of  the  tilted  mass.  It  seems  never  to  have 
been  observed ;  yet  it  is  one  of  the  constantly  recurring  phenomena 
among  arid  mountains.  Gilbert,  clambering  over  many  a  range 
displaying  the  feature  in  magnificent  proportions,  never  notes 
it.  Davis,  visiting  numerous  mountains  of  this  type  gives  no  rea¬ 
son  why  there  should  be  profound  fault  on  the  one  side  and  none 
on  the  other.  In  truth  the  presence  of  fault-scarp  seems  to  be  one 
of  the  yet  undetermined  premises  of  desert  range  structure. 

The  formation  of  the  encircling  shelf  of  the  desert  range  appears 
to  be  a  direct  result  of  natural  sand-blast  action,  or  the  cutting 
process  of  strong,  sand-armed  winds,  the  chief  abrading  zone  of 
which  is  always  immediately  above  the  surface  of  the  ground. 
This  is  the  reason  why  in  the  desert  plain  meets  mountain  as  sharp¬ 
ly  as  the  strand  line  of  the  ocean. 

^  Keyes. 

Multiplanary  Relief  of  American  Deserts.  Presence  of  multi¬ 
tudinous  plains-levels,  so  striking  a  feature  of  western  arid  coun¬ 
try,  is  highly  confusing  because  of  attempted  transfer  of  moist 
climate  notions  to  tracts  where  water  is  a  negligible  quantity.  The 
peneplain  being  the  ultimate  physiographic  goal  towards  which  all 
pluvial  depletion  tends,  intitiation  of  a  new  erosion  cycle,  or  re¬ 
juvenescence  of  an  old  cycle  can  only  take  place  where  there  is 
regional  uplifting  of  the  earth’s  crust.  Unlike  under  conditions 
of  pluvial  climate,  in  arid  regions  planation  early  assumes  large 
importance  in  the  general  lowering  and  depletion  of  the  land  sur¬ 
face,  and  the  plain  rather  than  the  hill  is  the  dominant  feature  of 
landscape  throughout  the  erosion  cycle. 

In  moist  lands  general  denudation  procedes  through  the  down¬ 
cutting  of  the  streams.  In  countries  of  little  rain  planation  takes 
place  horizontally;  stream-work  is  conspicuous  because  of  its  ab¬ 
sence.  On  the  one  hand  the  hills  are  mainly  attacked  by  the 
erosional  agencies  and  are  lowered  most  rapidly.  On  the  other 
hand,  the  valleys  are  the  objects  of  chief  attack  and  form  the  belts 
of  fastest  lowering,  while  the  hills  about  increase  their  stature. 
These  are  the  contraposed  products  of  erosion  by  rain  and  by  wind. 

Variance  of  level  of  the  myriad  remnantal  plains  of  mesa-land 
is  really  an  accidental  consequence  of  regional  depletion  inde- 
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pendent  of  stream  action.  These  plateau  plains  are  vestiges  of 
former  general  plains-levels.  General  letting  down  of  a  plains- 
surface  is  not  so  very  different  from  the  linear  incision  of  a  stream 
channel.  In  place  of  a  single  attack-line  the  whole  country  goes 
down. 

Of  the  mesas  of  the  Southwestern  country  the  foundation  is 
invariably  some  hard  rock-layer.  Structurally  they  are  made  up 
of  (1)  remnants  of  former  plains  worn  out  on  the  beveled  edges 
of  flexed  strata,  as  in  the  cases  of  the  Mesa  Jumanes  and  the 
Chupadera  Mesa;  (2)  slightly  inclined  strata  of  hard  limestone 
or  sandstone  usually,  which  are  intercalated  in  extensive  beds  of 
less  resistant  materials,  as  in  the  Chaca  Mesa  and  other  platform 
plains  of  the  great  Mesa  Verde  region;  (3)  almost  horizontally 
disposed  hard  beds  from  which  the  soft,  superposed  layers  have 
been  stripped,  as  El  Moro  and  the  Tucumcari;  (4)  old  lava-sheets 
which  cover  soft  shales  and  sandstones,  of  which  the  Mesa  de 
Maya,  Mesa  del  Datil  and  Acoma  Mesa  are  conspicuous  exam¬ 
ples;  and  (5)  surface-wash  deposits  locally  hardened  through  the 
evaporation  of  soil  moisture  leaving  near  the  surface  of  the 
ground,  the  lime  salts  to  firmly  cement  the  soils.  This  is  well 
represented  by  the  Galisteo  Ceja,  south  of  Santa  Fe. 

The  origin  of  most  flat-topped  hills  is  ascribed  to  circumdenuda- 
tion  effects  on  an  upraised  peneplain;  but  all  remnants  of  an  old 
graded  surface  are  on  the  same  general  level.  Throughout  the 
arid  region  the  mesas  or  plateau-plains,  which  rise  above  the  sur¬ 
face  of  the  general  plains-level,  also  appear  to  be  the  direct  result 
of  circumdenudation ;  but  as  will  be  seen  later  on,  of  a  very  differ¬ 
ent  kind.  In  marked  contrast  to  the  humid-land  effects  the  rem- 
nantal  plains  of  the  desert,  whether  their  surfaces  be  on  stratum- 
planes,  beveled  tables  of  flexed  strata,  lava-sheets,  or  cemented 
regolith,  are  of  quite  different  elevations  even  in  the  same  district. 
In  New  Mexico,  for  example,  these  plains  attain  all  altitudes 
above  the  general  plains-surface,  from  a  few  feet  in  the  instance 
of  the  very  recently  formed  Malagro  malpais,  in  the  Hueco  bolson, 
northeast  of  El  Paso,  to  the  broad  Mesa  de  Maya,  which  is  3,5(X) 
feet  above  the  general  plains-surface,  and  9,000  feet  above  sea- 
level.  The  Sierra  del  Datil,  in  western  New  Mexico,  has  a  mag¬ 
nificent  northward-facing  escarpment  1,000  feet  high;  and  in 
sight  of  it  is  the  Acoma  Mesa  500  feet  above  the  plains-floor. 
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Other  conspicuous  flat-topped  mountains  are  situated  in  the  Zuni 
basin,  just  over  the  continental  divide  in  western  New  Mexico. 
The  region  is  the  largest,  highest  and  dryest  desert  plain  in  this 
country.  Structurally  and  topographically  it  constitutes  an  essen¬ 
tial  section  of  the  great  Colorado  dome,  arching  regularly  from 
the  Rio  Grande  to  the  Rio  Colorado.  Save  in  one  place  —  the 
Zuni  swell  —  its  broad  surface  is  unbroken  by  tectonic  features. 
The  region  is  preeminently  one  of  plateau-plains  standing  at  all 
heights  above  the  general  plains-surface. 

In  the  region  under  consideration  extravasation  of  lavas  has 
evidently  gone  on  at  frequent  intervals  from  the  very  beginning 
of  Tertic  times  almost,  it  may  be  said,  to  within  the  memory  of 
men  still  living.  The  older  trachytic  and  andesitic  lava-sheets  of 
the  Mt.  Taylor  district  now  stand  1,000  feet  above  the  country 
around  and  upon  this  mesa  rests  the  old  volcanic  cone  itself,  higher 
and  more  impressive  than  Vesuvius.  To  the  north  of  Mt.  Taylor 
there  are  abundant  evidences  of  still  earlier  volcanic  activities  as 
shown  in  the  forest  of  volcanic  necks  of  that  area  from  which  is 
swept  almost  every  vestige  of  their  cones  and  the  plains  upon 
which  they  stood.  Cabazon,  a  huge  volcanic  pipe,  stands  1,200 
feet  above  its  base  and  is  a  landmark  for  100  miles  about. 

Much  younger  and  500  feet  below  the  Mt.  Taylor  plain  is 
Acoma  mesa,  30  miles  long  and  15  miles  wide,  capped  by  basalt. 
At  its  foot,  another  500  feet  lower  down,  is  a  great  basaltic  flow, 
50  miles  long  by  20  miles  broad  covering  the  present  plains  sur¬ 
face.  Even  more  recent  are  the  coulees  from  the  Tintero,  on  the 
Mesa  Redonda,  west  of  Mt.  Taylor,  which  finally  enter  the  chan¬ 
nel  of  the  Rio  San  Jose,  at  a  level  considerably  below  that  of  the 
great  flow  just  mentioned. 

Four  distinct  and  notable  periods  of  volcanic  extravasation,  are 
then  recorded  between  the  first  and  last  of  which  more  than  1,000 
feet  of  strata  were  removed  from  the  entire  region  about.  There 
are  in  the  district  many  other  lava-sheets  at  other  heights;  but 
between  the  four  especially  noted  definite  time  relations  are  read¬ 
ily  established. 

On  the  continental  divide  the  streams  are  their  smallest.  On  a 
plain  so  situated  drainage  features  are  necessarily  insignificant. 
Rain-fall  is  the  scantiest.  These  three  conditions  combined  with 
arid  climate  give  water-action  small  opportunity  vigorously  to 
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erode.  On  every  hand  the  country  clearly  shows  it.  It  is  equally 
manifest  that  notable  leveling  and  lowering  has  gone  on  at  a  rapid 
rate. 

Extensive  erosion  is  everywhere  manifest,  but  it  is  of  peculiar 
type.  There  is  little  of  the  sharp  incision  of  the  plains-surface 
such  as  normally  characterizes  stream-action,  especially  in  a  high- 
lying  region  having  slopes  of  high  gradients.  Erosion  is  of  the 
broad-basin  type  —  wide,  flat-bottomed,  even  plains  between 
abruptly  upturned  rims  against  resistant  rock-masses.  As  the 
lava-flows  and  coulees  become  more  and  more  numerous  the 
separate  basins  became  divided  and  smaller,  but  general  lowering 
of  surface  go  on  without  interruption.  There  can  be  no  ques¬ 
tion  but  that  the  lava-capped  mesas  at  varying  heights  represent 
former  levels  of  the  general  plains-surface.  Such  is  the  difference 
between  wind  scour  and  stream  corasion. 

Keyes. 

Basinal  Sand-Drifting  o?i  Arid  Piedmonts.  As  streams  of 
many  desert  ranges  leave  their  canyons  and  open  out  upon  the 
piedmont  belt  they  abruptly  undergo  some  quite  remarkable  and 
wholly  unexpected  changes.  They  appear  to  be  suddenly  trans¬ 
formed  from  channels  undergoing  rapid  degradation  to  those 
which  are  notably  aggraded.  The  short,  deeply  V-shaped  profile 
of  a  canyon  becomes  widely  flat-bottomed.  For  distances  of  sev¬ 
eral  miles  both  above  and  below  the  line  which  marks  the  meeting 
of  mountain  and  intermontane  plain  the  valley  floors  display  uni¬ 
formly  graded  sand-plains. 

.  It  is  the  custom  to  explain  these  and  associated  phenomena  upon 
an  hypothesis  of  normal  stream-action.  In  so  ascribing  them  sev¬ 
eral  features  appear  to  be  either  overlooked  or  largely  misinter¬ 
preted.  The  incongruity  of  wide  sand-plains  at  the  mouth  of  a 
torrential  stream-course  that  is  everywhere  characterized  by  bould¬ 
ers  of  large  size  seems  never  to  have  presented  itself.  That  these 
sand-plains  are  the  normal  result  of  stream  aggradation  in  the 
final  stage  of  arroyo-running  is  not  a  necessary  consequence  of 
their  position,  as  is  so  commonly  regarded.  They  seem  often,  but 
not  always,  to  be  associated  with  the  so-called  alluvial-fans  which 
are  premised  for  each  intermittent  brook  debouching  upon  the 
desert  bolsons. 

The  neglected  features  to  which  especial  attention  is  here  di- 
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rected  are  ( 1 )  the  mergence  of  the  sand-plain  with  the  surface  of 
the  bajada  belt,  (2)  the  angular  divergence  of  the  grade-plain  of 
the  arroyo  and  that  of  the  sand-plain,  (3)  the  abrupt  replacement 
of  the  very  coarse  bed  materials  of  the  mountain  torrent  by  fine 
materials  or  sands,  and  (4)  the  deep  gullying  of  the  sand-plain 
whenever  storm-waters  fill  the  arroyo  channels. 

Extension  of  the  general  intermontane  plain’s  surface  far  up 
into  the  narrow  arroyo  valleys  of  the  desert  ranges  is  a  phenom¬ 
enon  which  is  usually  explained  on  the  assumption  that  these  sand- 
plains  are  the  direct  product  of  the  soil-ladened  waters  of  the 
mountain  brooks  depositing  their  loads  at  the  foot  of  the  high¬ 
lands  partly  because  of  lower  gradient,  partly  owing  to  the  spread¬ 
ing  out  of  the  stream  waters  over  an  unrestricted  plains  surface, 
and  partly  on  account  of  absorption  of  the  waters  by  loose  valley- 
fill.  These  are  the  natural  inferences  derived  from  experience 
in  a  moist  climate.  Under  conditions  of  dry  climate  other  factors 
enter  into  consideration. 

In  the  mergence  of  the  arroyo  sand-plain  with  the  general  sur¬ 
face  of  the  neighboring  plain  the  smooth  expanse  of  earth  has 
much  the  same  appearance  as  that  of  the  sea  reaching  into  all 
indentations  of  a  rugged  coast.  In  fact  the  sand-plain  is  perfectly 
continuous  with  the  general  plain.  Whatever  formed  the  one 
manifestly  played  a  leading  role  in  the  case  of  the  other.  There 
are  a  number  of  features  which  militate  against  the  assumption 
that  the  sand-plain  is  a  stream  phenomenon.  There  are  other 
features  which  go  to  show  conclusively  that  the  sand-plain  is  a 
strictly  desert  phenomenon.  It  seems  to  have  no  counterpart  in  a 
moist  country.  It  appears  to  constitute  one  of  the  best  illustra¬ 
tions  known  of  anti-gravitational  gradation.  It  is  one  of  the 
necessary  consequences  of  wind  erosion.  It  is  produced  because 
in  the  drifting  of  sands  over  an  intermontane  plain,  all  of  the 
driven  material  of  a  particular  gale  is  not  ground  to  dust,  floated 
away  and  exported  from  the  district. 

The  difference  in  angularity  between  the  gradient  of  an  arroyo 
and  the  surface  of  a  sand-plain  through  which  the  storm- waters 
pass  and  deeply  gully  is  so  great  as  to  be  readily  perceptible  to 
the  eye.  It  seems  strange  that  the  discordance  of  the  two  should 
so  long  go  unnoticed.  The  terracing  of  the  bajada  belt  near  the 
desert  piedmonts  has  been  in  late  years  widely  discussed.  Yet  the 
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fact  in  question  is  nowhere  especially  noted.  It  should  be  one  of 
the  first  points  to  arrest  the  attention. 

While  the  gradient  of  the  sand-plains  is  quite  uniform  from  one 
end  to  the  other  that  of  the  arroyo  bed  is  at  first  greater  than  that 
of  the  plain,  and  then  less.  Some  distance,  often  several  miles 
up  the  canyon  from  its  mouth,  the  planes  of  the  sand-plain  and 
of  the  stream  bed  intersect.  At  the  cross  line  where  mountain 
gives  way  to  plain  the  surface  of  the  sand-plain  is  highest  above 
the  arroyo,  frequently  as  much  as  50  to  100  feet.  Here  the 
arroyo  traverses  the  sand  plain  in  a  walled  gorge,  for  the  sand 
which  with  some  clay  constitutes  the  structure  of  the  sand-plain 
is  somewhat  indurated.  Beyond  the  mouth  of  the  canyon  the 
planes  of  arroyo  and  sand-plain  finally  come  together  again. 

Abrupt  replacement  of  the  normal  pebble  and  boulder  bed  of 
desert  range  arroyos  by -fine  sands  a  few  miles  above  the  mouths 
of  their  canyons  seems  perfectly  inexplicable  on  the  hypothesis  of 
any  known  water-action.  Moreover  boulder-trains  of  the  arroyos 
often  extend  several  miles  from  the  canyon  mouths  out  over 
surfaces  of  the  adjoining  intermontane  plain.  This  fact  alone 
points  to  a  different  origin  of  the  arroyo  trains  and  the  sand-belts. 
Microscopical  examination  of  the  sands  composing  the  sand -plains 
indicates  very  different  lithologic  characters  from  the  sands  found 
in  the  arroyo  farther  up-stream  beyond  the  limits  of  the  sand-plain 
—  a  fact  suggesting  a  difference  of  source. 

The  actual  process  of  formation  of  the  sand-plain  at  the  mouths 
of  arroyos  debouching  from  desert  ranges  is  a  phenomenon  that 
is  readily  observed.  During  gales  on  the  desert  the  prodigious 
amount  of  drifting  of  the  sands  from  off  the  intermontane  basins 
is  a  common  sight.  Old  gorges  of  the  arroyo  through  the  sand- 
plain  are  not  infrequently  filled  to  overflowing  by  drifting  sands. 
Until  the  next  flow  of  storm- waters  from  the  mountains  the  sand- 
plain  remains  as  untrenched  and  as  smooth  as  any  earth  plain 
can  be.  The  spreading  out  of  storm-waters  over  such  a  sand-plain 
lying  at  the  mouth  of  an  Arizona  canyon  is  geographically  described 
by  W  J  McGee  but  by  him  given  a  totally  different  interpretation. 

The  sands  of  the  sand-plain  and  that  of  the  arroyo  come  from 
opposite  directions.  The  one  is  mainly  an  accumulation  of  mate¬ 
rials  drifting  in  off  the  intermontane  plain;  the  other  is  derived 
from  the  heights  of  the  mountains.  The  first  is  wind-driven,  the 
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result  of  basinal  sand-drifting  on  the  arid  piedmont;  the  other  is 
water  moved,  flowing  down  in  storm-waters.  The  one  is  being 
continually  augmented;  the  other  only  rarely  as  in  times  of  the 
infrequent  and  sporadic  rain-falls.  Small  wonder  is  it  that  on  the 
margins  of  the  intermontane  basins  the  sand-plains  so  completely 
smother  all  traces  of  arroyo  work  as  to  all  but  obliterate  the  evi¬ 
dences  of  the  existence  of  other  deposits  and  that  the  single  phe¬ 
nomenon  should  be  so  generally  mistaken  for  another. 


Keyes. 
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SCARPITTA  BRONZE  OF  SPRINGER 
By  Charles  Keyes 

Grave  and  gentle  and  strong  and  still, 

Sits  the  Chief  in  the  Council  Tent; 

But  when  we  come  to  a  breakneck  hill 
His  is  the  hand  that  is  lent. 

There’s  a  Something  we  all  can  feel  — 

Power  and  poise  of  the  Elder  stamp; 

Solomon  must  have  made  a  deal 
With  Springer,  Dean  of  the  Rito  Camp. 

Charles  F.  Eummis. 

With  the  close  of  the  World  War  a  new  estimate  of  the  rela¬ 
tive  value  of  men  to  the  State  resolves  itself  upon  the  screen  of 
civilization.  Frightfulness  of  German  warfare  instantaneously 
nullifies  the  servile  deference  that  had  been  always  shown  by  Oi 
ttoAAoi  to  the  generals  of  their  armies  and  that  has  passed  all 
bounds  during  the  decades  of  milleniums  which  have  gone  before. 
For  the  first  time  in  history  naked  mentality  rises  triumphantly  to 
the  surface ;  and  this  may  prove  to  be  one  of  the  grander  achieve¬ 
ments  of  a  world  won  over  in  a  night  to  democracy. 

One  is  reminded  of  the  keen  observation  of  Guglielmo  Ferrero. 
There  are  few  greater  gifts  which  Rome~has  bestowed  upon  man¬ 
kind  than  the  De  Natura  of  Lucretius,  which  though  little  regard¬ 
ed  among  men  amongst  whom  it  was  written  has  found  its  way 
across  the  ages,  while  the  trophies,  the  triumphs  and  the  glories 
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of  so  many  of  Rome’s  greatest  generals  have  perished  in  the  gulf 
of  time. 

It  is,  of  course,  a  common  occurrence  for  a  university  or  other 
educational  institution  to  honor  the  memory  of  some  of  those  who 
have  been  prominently  associated  with  its  upbuilding ;  but  it  is  an 
entirely  new  thing  for  a  State  to  demand  such  recognition  for  her 
scientist  sons.  It  is  a  long  stride  of  intellectual  advancement  for 
a  State  to  come  suddenly  into  realization  that  its  endless  and 
tedious  line  of  governors  and  long  forgotten  political  flotsam  should 
not  become  the  sole  occupants  of  the  Hall  of  Fame.  Most  encour¬ 
aging  sign  of  the  time  is  it  that  a  State  publicly  recognize  that  it 
has  not  only  statesmen  within  its  borders,  but  personages  of  even 
greater  mental  powers,  distinguished  prelates,  eminent  jurists, 
famed  litterateurs^  noble  educators  and  renown  scientists. 

One  State  of  our  Union,  Iowa,  already  extends  hands  to  three 
of  her  noted  geologists,  by  hanging  portraits  of  them  in  the  Art 
Gallery  of  her  magnificent  Hall  of  History.  It  further  commem¬ 
orates  a  great  geological  discovery  within  her  borders  by  erecting 
a  grand  and  appropriate  monument  on  the  spot.  And  now.  New 
Mexico,  youngest  of  the  States,  publicly  does  homage  to  the  name 
and  fame  of  a  geologist,  stamping  him  foremost  citizen,  by  ac¬ 
quiring  an  enduring  bronze  bust  of  him. 

Mayhap  it  is  a  fluttering  sentiment  of  the  new  world  democracy. 
It  is  certainly  an  incident  that  enables  us  to  peer  deeper  into  the 
heart  and  better  understand  the  lowly  Russian  when  he  erects  his 
social  ladder  of  thirty-five  castes  according  to  mens’  value  to  the 
State,  with  geologist  occupying  topmost  rung.  When  before  has 
knightly  geologist  taken  precedence  over  general  and  statesmen  in 
the  cornational  ceremonies  of  the  most  mighty. 

Significant  and  memorable  was  the  presentation  of  the  bronze 
bust  of  Mr.  Frank  Springer  to  the  State  of  New  Mexico,  on  the 
evening  of  September  8,  1922.  The  spirit  of  the  celebration,  its 
setting,  and  its  deep  import,  made  it  an  historic  event  in  the  annals 
of  a  state  overwhelmingly  rich  in  traditions,  thrilling  events  and 
picturesque  episodes.  To  the  hundreds  of  people  who  had  gath¬ 
ered  in  the  Saint  Francis  Auditorium  to  do  honor  to  the  man  who 
had  wrought  so  much  for  them  and  their  commonwealth,  and  had 
achieved  distinction  and  success  in  law,  in  business,  in  science,  .in 
statesmanship  and  in  wise  giving,  it  was  an  unforgettable  occasion. 

There  were  spontaneity  and  dignity  about  the  program  which 
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transmitted  themselves  to  the  audience;  a  warmth  of  feeling  and 
simplicity  which  characterize  a  neighborhood  gathering  rather 
than  the  formal  State  event;  and  yet,  withal,  the  impressiveness 
of  a  solemn  service  in  cathedral  or  abbey  w’here  all  hearts  are  lifted 
to  one  purpose.  Under  the  indirect,  mellow  glow  of  the  high 
ceiling  lights  of  the  nave  the  Saint  Francis  murals  took  on  new 
values,  and  the  carved  vigas,  with  their  primitive  color  designs, 
stood  out  in  overpowering  massiveness  from  the  shadows.  The 
transepts  and  the  chancel  were  flooded  with  light.  To  the  fore 
on  the  altar  platform,  on  an  improvised  pedestal,  stood  the  veiled 
bronze  bust,  and  to  one  side  on  a  table,  the  scientific  volumes  of 
which  Mr.  Springer  is  the  author. 

Dr.  Edgar  L.  Hewett  broke  the  hush  of  expectancy  that  fell  up¬ 
on  the  audience  when  the  speakers  of  the  evening  took  their  places 
on  the  platform.  It  was  obvious  that  the  tribute  he  paid  Mr. 
Springer  was  heartfelt.  He  said : 

We  have  met  here  tonight  to  celebrate  the  life  and  achievements  of 
a  man  of  science.  The  Southwestern  Division  of  the  American  Asso¬ 
ciation  for  the  Advancement  of  Science  joins  on  this  occasion  wdth  the 
people  of  New  Mexico  in  honoring  a  scientific  man  of  the  Southwest, 
Mr.  Frank  Springer.  You,  gentlemen  of  the  bar  and  of  the  courts, 
may  be  surprised  when  I  claim  Mr.  Springer  as  a  man  of  science,  for 
he  has  been  one  of  your  most  distinguished  associates  for  many  years; 
and  you  men  of  business  of  the  Southwest  may  also  be  somewhat 
startled,  for  he  has  long  lived  among  you  as  an  exceedingly  busy  man 
of  affairs.  The  fact  is,  he  belongs  equally  with  all  of  us. 

To  support  my  reference  to  Mr.  Springer  as  a  man  of  science,  I  ask 
you  to  inspect  this  shelf  of  works  that  would  be  a  credit  to  one  who 
had  devoted  his  entire  life  to  scientific  pursuits.  The  majority  of  you 
have  probably  been  ignorant  of  the  fact  that  this  silent,  modest,  next- 
door  neighbor  of  yours  has  been  steadily  publishing  scientific  contri¬ 
butions  that  have  made  him  known  throughout  the  world. 

I  am  glad  that  we  have  this  opportunity  for  summing  up  the  activi¬ 
ties  of  Mr.  Springer,  for  few  of  us  ’have  ever  known  him  in  all  of  these 
capacities.  Some  have  known  him  in  law,  some  in  business,  some  in 
the  fields  of  science,  some  in  the  development  of  our  educational, 
scientific,  and  art  work  here,  but  few  have  realized  his  eminence  in  all 
of  these  lines. 

But  after  all  has  been  appraised,  something  greater  still  remains  to 
d)e  told.  There  are  those,  and  the  number  is  large,  who  desire  to  pay 
a  proper  tribute  to  him  in  another  capacity,  that  of  the  staunch,  in¬ 
spiring  friend.  No  one  has  greater  reason  to  speak  of  him  in  this 
vein  than  I. 
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Our  old  friend,  Charles  F.  Lummis,  on  the  occasion  of  one  of  our 
encampments  in  the  Rito  de  los  Frijoles,  drew  in  poetry  his  portrait, 
than  which  I  have  seen  nothing  finer  in  color  or  bronze,  and  reading 
you  will  all  recognize  as  a  perfect  likeness. 

No  one  will  ever  know  how  many  have  felt  the  support  of  his  strong, 
kindly  hand,  always  extended  in  such  an  unostentatious  way  that  it 
was  known  only  to  the  one  receiving  it.  If  we  could  assemble  here 
the  young  artists,  musicians,  scientists,  who  have  been  helped  to  their 
higher  opportunities  by  him,  the  number  would  astonish  you.  And  a 
greater  effect  than  the  material  aid  afforded  was  always  the  determined 
effort  inspired  by  his  faith.  It  called  out  the  best  in  you.  He  has  al¬ 
ways  absolute  faith  in  the  visions  of  youth.  He  believed  in  you, 
trusted  you  implicitly;  you  simply  had  to  make  good. 

When  I  was  at  the  head  of  the  Normal  University  of  New  Mexico 
and  he  was  president  of  the  Board  of  Regents,  he  gave  me  this  admo¬ 
nition:  “Mr.  Hewett,  see  that  no  deserving  student  ever  leaves  this 
institution  for  lack  of  funds.  Always  let  me  know  about  such  cases.” 
I  am  venturing  to  tell  some  things  about  Mr.  Springer  that  have  not 
been  told  in  public  before.  These  were  the  things  that  gave  him  his 
greatest  pleasure  outside  of  his  family  life. 

His  home  was  a  sacred  precinct  that  some  of  us  have  been  privileged 
to  enter.  Among  the  greatest  of  his  successes,  shared  by  a  wise  and 
beautiful  wife  and  mother,  has  been  the  rearing  of  a  remarkable  fam¬ 
ily.  Two  things  stand  out  in  my  mind  as  I  recall  what  I  have  seen  of 
his  family  life  —  the  solicitous  care  for  the  opportunities  of  every  son 
and  daughter,  and  the  veneration  in  which  he  always  held  his  fore¬ 
bears.  He  is  the  son  of  a  great  father,  whose  memory  he  holds  in 
profound  reverence.  He  is  one  of  those  who  believe  that 

“Whatever  is  Man  in  the  sons  of  men, 

Whatever  is  staunch  and  true. 

We  draw  from  our  sires,  and  their  sires  again. 

And  mothers  of  mothers  who  mated  when 
The  world  and  its  heart  were  new.” 

We  could  speak  long  of  the  qualities  that  have  endeared  Mr.  Sprin¬ 
ger  to  so  many.  He  is  all  that  has  been  claimed  for  him  tonight,  and 
something  greater  still.  In  the  mind  of  every  one  of  you  who  knows 
him  well,  he  stands  out  as  the  incomparable  gentleman.  He  has 
reached  that  highest  of  all  distinctions  through  his  interest  in  and 
practice  of  the  finer  things  of  life.  The  things  in  which  he  has  taken 
deepest  interest,  science,  art,  music,  education,  public  welfare,  the 
good  name  of  his  state,  the  destiny  of  our  country,  which  he  has  al¬ 
ways  staunchly  held  must  be  achieved  on  the  lines  laid  down  by  the 
founders  of  our  great  Republic,  make  for  nobility.  It  is  the  highest 
possible  ideal  of  the  citizen  —  nobility  in  public  and  private  life. 

The  friends  of  Mr.  Springer  have  felt  that,  at  this  time,  when  he  has 
reached  the  fullness  of  life  and  is  still  with  us,  they  would  like  to  do 
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something  that  would  stand  as  an  enduring  contribution  from  them  to 
this  State  in  honor  of  its  great  citizen.  In  the  olden  times,  men  hon¬ 
ored  not  only  their  soldiers  and  statesmen,  but  their  scholars  and  all 
who  contributed  to  the  greatness  of  the  state.  It  seemed  to  the 
friends  of  Mr.  Springer  that  it  would  be  a  worthy  thing  to  present 
some  imperishable  gift  that  would  stand  forever  as  a  tribute  to  him, 
in  this  Temple  of  Art  which  he  helped  so  much  to  create,  in  this  insti¬ 
tution  which  he  has  from  its  beginning  enriched  with  his  broad  spirit 
and  wise  counsel,  in  this  ancient  capital  which  has  felt  in  so  many 
ways  the  beneficence  of  his  presence,  and  in  this  great  State  of  New 
Mexico,  which  he  has  'helped  to  ennoble  by  his  active,  creative  life,  and 
which  he  has  always  cherished  and  acknowledged  his  obligations  to 
as  the  place  of  his  early  opportunities. 

On  mentioning  it  to  one  after  another,  every  one  without  exception 
said,  “Let  me  have  a  part  in  that.  I  want  to  contribute  to  that  pur¬ 
pose.”  So  to  a  sculptor  who  had  gained  high  eminence  in  our  country, 
Cartaino  Scarpitta,  was  entrusted  this  sacred  task.  He  brought  to  it 
not  only  the  skill  of  a  master,  but  the  spirit  of  a  master  —  the  dis¬ 
cernment  and  zeal  which  produce  results  in  art  that  live  as  master 
work.  I  am  now  going  to  show  you  the  outcome  of  this  plan  that  we 
have  brought  to  a  happy  conclusion.  When  I  told  Mr.  Springer  what 
we  were  going  to  do  here  tonight,  he  promptly  took  to  the  woods; 
but  I  am  in  hopes  that  during  the  social  hour  that  follows,  a  commit¬ 
tee  of  our  Woman’s  Board  which  provides  these  delightful  social  oc¬ 
casions  for  us,  will  see  if  they  can  not  find  him  and  bring  him  into  view. 

So  it  is  a  many-sided  man  that  we  are  honoring  tonight.  We  are 
celebrating  his  achievements  w*hile  he  is  still  with  us  —  achievements 
in  science,  in  law,  in  business,  and  in  public  affairs.  It  seems  fitting 
that  one  of  his  old  neighbors,  who  has  known  intimately  his  legal 
activities  almost  from  the  beginning,  should  speak  of  Mr.  Springer  as 
a  lawyer  and  of  his  career  at  the  bar.  Colonel  Twitchell  has  been  in¬ 
vited  to  perform  that  service.  He  can  speak  with  the  authority  of  the 
historian. 

Colonel  Ralph  E.  T-witchell,  historian,  author,  lawyer,  eloquent¬ 
ly  and  forcibly  dwelt  upon  the  high  place  which  Mr.  Springer  at¬ 
tained  as  a  member  of  the  bar.  In  concluding  his  address  he  pre¬ 
sented  a  handsomely  bound  volume  entitled,  “Notes  and  Mem¬ 
oranda  Concerning  the  Legal,  Scientific  and  Literary  Activities  of 
Frank  Springer  as  a  Citizen  of  New  Mexico,”  to  serve  as  a  per¬ 
manent  record  in  the  library  of  the  State  Museum.  It  contains  a 
sketch  of  Mr.  Springer’s  career  at  the  bar  and  his  connection  with 
public  affairs,  a  history  of  the  most  notable  cases  in  which  he  was 
engaged,  together  with  comments  by  other  lawyers  and  judges 
upon  his  arguments  before  the  United  States  Supreme  Court;  a 
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reprint  of  his  oral  argument  in  one  of  the  cases;  and  contempor¬ 
ary  newspaper  comment  upon  these  matters.  Also  reprints  or 
original  copies  of  many  of  his  public  addresses  upon  legal,  educa¬ 
tional  and  miscellaneous  subjects.  Also  accounts  and  reviews  of 
his  scientific  works  and  publications,  taken  from  periodicals  of 
high  authority.  This  compilation  exhibits  from  the  original  sources 
evidence  of  the  wide  range  of  Mr.  Springer’s  intellectual  activities. 

Dr.  D.  T.  MacDougal,  president  of  the  Southwestern  Division 
of  the  American  Association  for  the  Advancement  of  Science,  and 
director  of  the  Desert  Botanical  Laboratories  of  Carnegie  Institute, 
spoke  on  the  “Business  Man  in  Science” : 

The  honor  which  comes  to  me  is  in  no  sense  personal.  I  feel  that 
I  am  here  representing  the  12,000  members  of  the  American  Associa¬ 
tion  for  the  Advancement  of  Science  —  an  Association  made  up  of  men 
whose  biographies  would  be  the  history  of  science  of  the  world  for 
the  last  seventy-five  years.  I  feel  especially  happy  on  this  occasion 
because  the  subject  of  our  felicitations  represents  the  very  ideal  and 
essence  of  this  Association  which  has  given  so  much  to  the  world.  I 
have  no  compromises  to  make.  I  can  speak  frankly  and  it  is  not 
often  that  a  speaker  on  these  occasions  can  go  without  limits. 

In  order  to  put  to  you  how  a  scientist  would  feel  about  this  matter, 
I  must  go  aside  for  the  moment  and  consider  the  state  of  society  in 
which  we  live.  In  a  democratic  form  of  government  our  educational, 
scientific,  and  artistic  work  must  take  the  form  of  generalized  effort 
which  mostly  has  no  high  peaks.  To  illustrate  what  I  mean  by  that: 
an  organization  may  employ  a  great  artist  to  make  pictures;  may  give 
him  so  much  for  the  month  or  day;  and  in  spite  of  the  fact  that  they 
are  in  harness,  our  musicians,  artists,  and  poets  do  great  things.  But 
the  great  creative  work  of  the  world  is  done  on  individual  initiative. 
Quite  regardless  of  what  may  or  may  not  happen  in  Russia  or  in  any 
other  experiment,  rational  or  crazy,  whose  nature  is  always  such  that 
the  group  of  people  whom  James  Harvey  Robinson  has  designated  as 
“the  wonderers” — and  in  that  group  he  includes  the  scientists,  the 
poets,  and  the  artists  —  the  creative  work  of  these  people  will  be  done 
not  under  direction  but  as  a  matter  of  personal  effort  —  driven  from 
within  and  not  from  without. 

I  am  not  here  to  decry  democratic  government,  whatever  its  failings 
and  failures  may  have  been.  But  I  do  wish  to  emphasize  some  of  the 
finer  graces  that  may  arise  on  the  basis  and  on  the  substratum  of 
sound  democracy.  The  most  precious  thing  that  can  come  from  such 
a  substratum  is  a  sense  of  service,  a  sense  of  indirect  accomplishment. 
The  artist  or  the  scientist  who  gives  himself  to  his  own  longings,  who 
pleases  his  own  curiosities,  who  does  his  work  not  because  he  is  told 
to  —  these  are  the  men  who  achieve. 
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Now  it  is  quite  obvious  who  have  found  the  course  of  life  during 
the  first  quarter  of  this  century.  I  think  this  wdll  be  a  notable  quarter 
century  in  its  accomplishments  and  its  tragedies,  but  it  will  be  most 
noticeable  for  the  fact  that  we  can  discern  a  growing  sense  of  service 
in  men  who  accept  our  democratic  limitations,  w’ho  accept  the  firm 
knowledge  that  they  live,  and  then  seek  by  personal  service  to  top 
it  with  something  that  neither  democracy  nor  any  other  form  of  gov¬ 
ernment  can  evolve.  This  personal  service  has  taken  two  forms.  I 
have  seen  the  men  who  are  eminent  in  great  industrial  enterprises 
devote  the  profits  and  fruits  of  their  work  to  the  promotion  of  the 
dreams  of  artists,  scientists,  and  poets,  and  others  of  creative  capacity. 
I  have  also  seen  those  men  who  have  shown  great  ability  in  industrial 
and  other  efforts  give  not  only  the  money  which  they  can  not  use  to 
the  promotion  of  these  things,  but  give  themselves. 

It  seems  to  me  that  the  subject  of  our  felicitations  this  evening  is 
a  man  who  has  become  notable  to  you,  to  your  state,  to  our  country, 
and  to  the  scientific  world  by  giving  service  in  both  these  ways;  by 
giving  substantial  support  for  the  promotion  of  the  dreams  of  others, 
and  by  scientific  effort  in  the  way  of  research,  the  fruits  of  w'hich 
would  be  ample  for  the  achievement  of  a  great  scientist  if  he  did 
nothing  else  during  his  life  time. 

Mr.  James  G.  McNary,  banker  of  El  Paso  and  Eas  Vegas, 
spoke  on  the  “Man  of  Affairs,’"  in  part  as  follows: 

I  esteem  it  a  high  honor  and  a  great  pleasure  to  be  invited  to  participate 
with  you  in  doing  honor  to  the  name  of  Frank  Springer. 

From  the  day,  just  twenty-four  years  ago,  when  I  first  met  Mr.  Springer, 
I  have  held  it  a  high  honor  to  call  him  my  friend,  and  who  does  not  love 
to  pay  tribute  to  a  friend  of  such  illustrious  achievements  that  modera¬ 
tion  ceases  to  be  a  virtue? 

« 

It  would  be  impossible  to  overestimate  the  value  of  scientific  knowledge. 
Each  stray  bit  of  such  truth  from  the  farther  shore  of  human  thought 
and  inquiry,  has  its  value  in  applying  the  phenomena  of  the  physical 
world  to  the  needs  of  our  complex  social  life. 

Of  Mr.  Springer’s  unusual  fund  of  scientific  knowledge  and  of  his 
generous  use  of  it,  you  have  heard  and  are  to  hear  from  others  better 
qualified  than  I  to  speak.  I  am,  however,  delegated  to  speak  especially 
of  Mr.  Springer’s  services  as  a  builder  of  the  state.  How,  I  beg  of  you, 
can  I  do  justice  to  this  theme  in  ten  short  minutes? 

When  Mr.  Springer  first  came  to  New  Mexico,  over  a  half  century  ago» 
her  population  was  a  scant  one  hundred  thousand,  her  developed  re¬ 
sources  scarcely  amounted  to  the  value  of  the  property  now  within  the 
limits  of  this  city.  Great  resources  of  coal  lay  hidden  in  her  mountains, 
which  required  money  and  brains  to  develop  and  railroads  to  haul  to  the 
consumer. 

Her  streams  carried  a  wealth  of  water  for  the  thirsty  land,  which  it 
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required  the  hand  of  man  to  conserve,  impound  and  distribute.  Mr. 
Springer  made  two  blades  of  grass  grow  where  not  one  grew  before. 
Hd  had  the  vision  to  see  the  charms  and  richness  of  the  almost  desert. 

One  of  the  great  achievements  of  his  life  which  brought  him  national 
prominence  was  the  case  of  the  Maxwell  Land  Grant  against  the  United 
States  Government.  Mr.  Springer  devoted  enormous  study  and  labor  to 
the  preparation  of  this  case,  which  he  fought  through  all  the  courts  of 
the  land  to  the  Supreme  Court,  where  he  made  admittedly  one  of  the 
finest  arguments  on  land  grant  cases  which  has  ever  been  made  before 
that  tribunal. 

He  exerted  an  important  influence  on  the  industrial  life  of  the  state,  as 
he  was  one  of  the  first  to  recognize  the  importance  of  coal  resources  of 
New  Mexico,  and  took  a  prominent  part  in  the  organization  of  the  St. 
Louis,  Rocky  Mountain  and  Pacific  Company,  the  most  important  fuel 
producing  company  in  the  west,  is  today  one  of  its  directors  and  has  al¬ 
ways  exerted  an  important  influence  in  its  affairs. 

The  greatest  enterprise  ever  undertaken  in  the  State  of  New  Mexico  by 
private  capital,  the  building  of  the  so-called  Eagle  Nest  Dam  in  the  Cimar¬ 
ron  Canyon,  was  carried  through  by  Mr.  Springer  and  his  brother  Charles. 

Built  primarily  for  the  purpose  of  storing  water  for  their  own  lands,  it 
will  also  irrigate  a  large  acreage  of  adjacent  lands  and  result  in  the  de¬ 
velopment  of  one  of  the  most  important  agricultural  areas  of  the  state. 
The  builders  of  this  enterprise,  in  investing  their  capital,  have  taken  all 
the  chances,  while  the  public  and  the  State  receives  a  large  portion  of  the 
benefits. 

In  his  early  years,  Mr.  Springer  took  an  important  part  in  politics  and 
served  several  terms  as  member  of  the  state  senate.  His  name  has  been 
frequently  mentioned  for  the  highest  political  honors  within  the  gift  of  the 
State,  but  his  inclination  has  led  him  away  from  the  field  of  politics. 

His  wise  counsel,  his  cool  and  deliberate  judgment,  have  always  been 
sought  by  the  leaders  of  the  State,  and  his  influence  and  counsel  have 
been  a  most  important  factor  in  guiding  the  State  through  her  territorial 
period  into  full  statehood,  and  in  framing  her  laws  and  constitution. 

Mr.  Springer  was  one  of  the  first  to  see  in  New  Mexico  the  meaning 
of  her  past,  the  value  of  her  present,  and  the  promise  of  her  future. 

In  addition  to  his  own  constructive  work,  his  assistance  and  support  have 
been  of  immeasurable  value  to  those  other  pioneers  who  have  labored  to 
establish  and  build  up  the  educational  and  scientific  institutions  of  the  State. 

Some  one  has  said  that  the  principal  assets  of  the  State  of  New  Mexico 
are  cattle,  sheep*  mines,  agriculture  and  romance,  and  it  can  be  safely  said 
that  no  other  citizen  of  the  State  has  played  so  important  a  part  as  he  in 
the  development  of  these  five  assets.  The  history  of  every  state  and  nation 
is  the  history  of  the  achievements  and  activities  of  her  great  men. 

Mr.  Springer’s  activities  have  covered  the  widest  possible  range.  As 
editor,  lawyer  and  legislator  —  as  farmer,  stockman,  and  banker  —  as 
educator,  scientist  and  statesman  —  as  industrial  leader,  railroad  builder  and 
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head  of  a  vast  irrigation  enterprise  —  verily  he  must  ever  stand  foremost 
among  those  who  are  entitled  to  be  numbered  among  the  builders  of  this 
State. 

Other  felicitous  remarks  were  made  by  Senator  A.  A.  Jones, 
and  Signor  Cartaino  Scarpitta,  sculptor. 

At  the  conclusion  of  the  addresses  Homer  Grunn,  of  Los  An¬ 
geles,  composer  and  pianist,  rendered  with  exquisite  feeling  three 
of  his  themes,  that  stand  among  the  most  pleasing  and  beautiful 
modern  compositions  based  on  Pueblo  melody  and  rhythm. 

Following  Mr.  Grunn’s  numbers  Mr.  Springer,  who  had  not 
been  present  during  the  exercises,  was  escorted  into  the  auditorium 
by  Mrs.  Laughlin  and  Mrs.  Hewett,  representing  the  Woman’s 
Museum  Board,  and  was  given  a  warm  and  generous  ovation,  the 
audience  rising  and  remaining  standing  while  he  responded  briefly, 
first  in  a  lighter  vein,  to  mask  his  evident  emotion,  and  then  grave¬ 
ly,  voicing  his  real  feeling  in  a  single  touching  sentence. 

Mr.  Springer  said: 

My  friends,  I  did  not  come  here  to  make  a  speech,  but  I  am  here  in 
obedience  to  the  command  of  my  superior  authorities,  representatives 
of  the  women  of  Santa  Fe,  to  whose  example  and  encouragement  is 
due  a  large  part  of  what  the  men  have  been  able  to  accomplish  for  the 
betterment  of  this  community.  When  I  was  summoned  to  appear  at 
this  stage  of  the  proceedings,  I  knew,  of  course,  that  the  summons 
came  from  the  hearts  of  the  friends  whose  infinite  kindness  and  cour¬ 
tesy  have  been  so  often  manifested,  the  recollection  of  which  makes 
this  beautiful  place  seem  even  more  beautiful.  But  I  thought  that  it 
might  also  be  intended  to  give  to  those  in  attendance  here  an  oppor¬ 
tunity  to  judge  of  the  merit  of  the  work  which  they  have  been  invited 
to  view  by  a  direct  comparison  with  the  original.  On  that  point  I 
think  there  can  be  but  one  opinion.  Looking  at  such  an  example  of  the 
sculptor’s  art,  one  is  inclined  to  marvel  at  his  power  to  create  out  of 
inanimate  materials  so  faithful  a  delineation  of  the  human  features; 
but  come  to  think  of  it,  it  isn’t  so  very  wonderful  after  all;  it  is  really 
quite  simple;  all  the  sculptor  has  to  do  is  to  procure  a  supply  of  the 
proper  kind  of  clay,  and  then  put  it  in  the  right  place.  This  disclosure 
of  the  mystery  is  not  original  with  me,  but  probably  has  done  duty 
ever  since  studios  were  invented.  I  cribbed  it  from  a  painter,  who  told 
an  inquisitive  visitor  seeking  to  learn  the  secret  of  his  canvasses  that 
it  was  easy,  all  that  was  necessary  being  two  things:  first,  to  select  the 
proper  colors;  that  was  very  important,  he  said;  and  then  —  put  them 
in  the  right  place.  So  it  is  with  one  of  Fritz  Kreisler’s  masterpieces: 
simple  enough,  just  pressing  the  proper  string,  and  drawing  the  bow 
the  right  way. 
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You  know  it  is  against  the  rules  for  the  subject  who  is  being  honored 
as  I  am  to  attempt  to  say  anything  serious;  but  I  am  wondering  if  in 
all  this  nonsense  I  can  not  inadvertently  have  stumbled  upon  a  great 
truth,  which  is,  that  one  of  the  chief  problems  of  life  is  to  learn  'how 
to  select  the  proper  things,  and  to  use  them  in  the  right  way. 

Now,  having  broken  the  rule  once,  I  am  going  to  take  another 
whack  at  it,  and  sum  up  what  I  really  think  and  feel,  by  saying  that 
the  thing  which  is  culminating  tonight  has  touched  me  deeply;  and 
that  I  would  rather  have  it  occur  here,  in  this  place,  than  anywhere 
else  on  earth. 

One  other  privilege  belongs  to  me,  of  which  I  avail  myself  with  the 
most  profound  satisfaction;  and  that  is,  to  present  to  this  audience  the 
man  whose  inspired  art  has  created  the  work  which  you  have  come  here 
to  see  —  Scarpitta,  the  sculptor. 

The  program  was  then  concluded  by  the  gracious  and  beautiful 
Princess  Tsianina,  in  an  exalted  mood,  who,  with  sympathetic 
accompaniment,  gave  some  of  the  finest  Indian  songs  in  her  reper¬ 
toire,  among  them  the  Zuni  “Invocation  to  the  Sun  God,’'  which, 
as  she  explained,  she  had  substituted  for  another  number  because 
it  better  expressed  her  feelings  after  listening  to  the  addresses 
which  had  preceded. 

In  solitude  he  played  his  flute  and  thought. 

Till  finally  this  miracle  was  wrought. 

The  ordered  working  of  his  cultured  brain. 

Gave  power  to  his  gaze  and  through  the  train 
Of  aeons  of  dead  years  his  piercing  eye 
Sought  out  Earth’s  secrets  where  they  underlie 
The  cold-faced  rocks.  Then  slowly,  page  by  page. 

He  read  through  Nature’s  book,  and  age  by  age 
He  found  a  story  there.  Today  the  world 
Is  deeply  in  his  debt,  for  he  revealed 
To  man  the  mystery  the  Earth  concealed 
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OUTLINES  OF  SOUTH  AMERICAN  GEOLOGY^ 

By  Prof.  Edward  W.  Bfrry 
Johns  Hopkins  University 

There  are  two  factors  that  render  uncertain  any  attempts  to 
present  the  geological  history  of  South  America  at  the  present 
time.  In  the  first  place  its  area  of  nearly  seven  millions  of  square 
miles,  or  twice  that  of  Europe,  receives  less  detailed  study  than 
any  other  continent;  accurate  maps  do  not  exist;  and  vast  areas, 
such  as  the  Amazon  Basin,  the  Guiana  and  the  Andean  Highlands, 
and  the  Grand  Chaco,  are  among  the  most  difficult  and  inaccessa- 
ble  regions  on  the  face  of  the  globe.  The  second  factor  is,  that  the 
earlier  physical  history  has  been  greatly  obscured  if  not  entirely 
obliterated  by  the  events  of  its  later  history,  largely  that  of  Tertic 
times.  We  shall  probably  never  know  just  what  erosion  accom¬ 
plished  when  the  continent  stood  high  during  Permian  times,  or 
what  underlies  the  great  segment  east  of  the  Andes,  unless  per¬ 
chance  drilling  on  a  super-grand  scale  for  oil  will  eventually  be 
undertaken,  and  even  then  we  shall  perhaps  be  no  better  off  unless 
the  human  nature  of  oil  companies  and  oil  geologists  changes 
marvelously. 

In  its  present  broader  features  South  America  has  been  likened 
to  North  America  —  the  roughly  triangular  form,  the  western 
Cordillera,  the  northern  highlands,  the  eastern  highlands,  the  cen¬ 
tral  plain  —  the  Amazon  system  corresponding  to  the  St.  Law¬ 
rence,  and  the  La  Plata  system  to  that  of  the  Mississippi.  Such 
comparisons  are  most  superficial,  however,  and  the  geological  his¬ 
tory  of  the  two  continents  is  necessarily  quite  different.  No  con¬ 
tinent  possesses  the  anomalous  climatic  and  topographic  features 
of  present-day  South  America.  There  you  may  stand  on  glaciers 
and  see  sugar  cane  beneath  you,  or  freeze  in  a  mine-camp  above 

1  Paper  read  before  the  New  York  Academy  of  Sciences,  October  2,  1922. 
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15,000  feet  and  have  Indians  bring  in  tropical  fruit  from  a  short 
day’s  journey  away,  or  pick  alligator  pears  within  artillery  range 
of  everlasting  snow-fields.  Is  it  not  difficult  to  think  of  a  pass, 
like  the  Zongo,  in  the  Cordillera  Real  at  17,139  feet  elevation. 
The  anomalies,  the  physical  ones  at  least,  are  largely  the  result  of 
the  mountain-mass  overhanging  the  western  coast  and  extending 
from  Latitude  12°  north  to  56°  south,  across  the  equatorial  and 
south  temperate  zones. 

The  oldest  land-areas  of  South  America  are  supposed  to  be  ap¬ 
proximately  indicated  by  the  present  exposure  of  granitoid  and 
gneissoid  rocks  of  the  Northern,  or  Guiana,  highlands,  lying  be¬ 
tween  the  Amazon  and  Orinoco  rivers,  and  the  Eastern,  or  Bra¬ 
zilian,  highlands,  extending  roughly  from  the  mouth  of  the  Ama¬ 
zon  river  to  the  mouth  of  the  La  Plata  river.  In  a  few  places 
these  crystallines  are  definitely  dated  as  pre-Siluric,  but  the  as¬ 
sumption  that  they  represent  an  ancient  land-area,  or  are  pre- 
Cambrian  in  age,  rests  solely  on  analogy  and  on  the  unwarranted 
Wernerian  tradition  that  rocks  of  this  character  are  the  oldest.  The 
earliest  known  sedimentary  rocks  of  western  South  America  repre¬ 
sent  very  shallow- water  deposits,  and  are  known  from  only  very 
limited  areas,  and  the  assertion  seems  justified  that  at  the  begin¬ 
ning  of  Palezoic  times,  throughout  the  greater  part  of  Cambric 
time.  South  America  was  larger  than  it  is  at  the  present  time.  This 
is  quite  the  opposite  conception  from  the  hypothesis  of  the  two-fold 
origin  of  that  continent  as  elaborated  by  Von  Ihering. 

I  may  refer  in  passing  to  Wegener’s  speculation  which  would 
regard  South  America  as  having  drifted  westward  from  a  former 
union  with  Africa,  an  idea  that  is  apparently  regarded  with  favor 
by  some  of  the  young  German  geologists  of  the  Argentine  Survey. 
Ignoring  the  geophysical  difficulties  involved,  which  I  am  assured 
on  high  authority  are  insuperable,  I  can  see  no  record  of  such  a 
former  union  in  anything  that  we  know  of  the  stratigraphy,  struc¬ 
ture,  faunas  or  floras.  Moreover,  it  is  opposed  by  the  clear  evi¬ 
dence  of  the  west  coast  region  having  been  a  part  of  a  land  area 
with  epicontinental  seas  to  the  east  of  it  throughout  all  of  the 
enormous  extent  of  pre-Jurassic  times.  Between  the  juggling  with 
the  hypothetical  Sal  and  Sima  of  the  earth’s  crust  I  much  prefer 
the  older  hypotheses  of  land  bridges  and  subsidence,  if,  indeed, 
such  are  really  necessary  to  explain  the  observed  facts. 
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I  have  already  enumerated  the  two  principal  areas  of  supposed 
pre-Cambrian,  that  of  the  Northern  and  the  Eastern  highlands,  the 
latter  constituting  what  Branner  called  the  Brazilian  complex. 
There  are  smaller  areas  of  similar  rocks  in  southern  Colombia, 
in  the  state  of  Matto  Grosso,  Brazil,  in  the  provinces  of  Buenos 
Aires,  Cordoba  and  Santa  Cruz  in  the  Argentine,  and  along  the 
West  Coast  at  various  points  in  Peru  and  from  about  Latitude  23° 
in  Chile  southward  to  Cape  Horn.  This  zone  of  crystalline  schists 
along  the  West  Coast  has  been  interpreted  as  representing  an  old 
land-mass  that  formed  the  eastern  boundary  of  the  Andean 
geosyncline,  and  which  is  now  submerged  beneath  the  Pacific 
Ocean  except  for  its  eastern  margin.  These  schists,  at  one  point, 
along  the  Rio  Bio  Bio,  in  southern  Chile,  contain  recognizable 
Mesozoic  plants  which  throw  some  doubt  on  the  foregoing  inter¬ 
pretation,  but  the  latter  may  simply  represent  an  infolded  remnant 
of  much  less  metamorphosed  Mesozoic  rocks  which  overlapped 
the  eastern  margin  of  the  old  land-mass  and  which  was  caught  in 
the  folding  that  occurred  toward  the  end  of  the  Cretacic  times. 
There  is  considerable  evidence  of  a  Pacific  land-mass,  especially 
in  the  later  history  of  the  continent,  and,  obviously,  there  was  a 
western  shore  to  the  Andean  geosyncline  throughout  its  history  but 
absolutely  nothing  is  known  of  its  probable  extent,  except  that 
during  the  Miocene  it  appears  to  have  been  of  sufficient  size  to 
prevent  free  intercommunication  between  northern  Peru  and  south¬ 
ern  Chile. 

I  have  outlined  these  various  areas  of  supposed  old  rocks  on 
the  map  showing  the  outcrops  of  the  early  Palezoic  areas  (plate 
vii),  and  as  will  be  observed  there  is  certainly  a  suggestion  of  a 
continuous  crystalline  mass  extending  beneath  northern  Argentina 
and  all  of  Brazil  south  of  the  Amazon  River.  I  think  that  we 
know  enough  about  the  geology  of  South  America  to  warrant  the 
statement  that  the  early  Paleozoic  sediments  are  very  poorly  rep¬ 
resented,  and  to  attribute  this  more  largely  to  lack  of  deposition 
rather  than  to  subsequent  erosion  or  burial.  No  rocks  of  Early  or 
Mid  Cambric  age  are  known  and  it  is  concluded  that  the  continent 
was  above  the  sea  during  that  time.  Aside  from  some  unfossili- 
ferous  metamorphics  of  supposed  early  Paleozoic  age  in  Brazil, 
there  is  a  small  area  of  Late  Cambric  rocks  in  northern  Argentina 
and  in  southern  Bolivia,  where  a  few  brachiopods  and  trilobites 
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have  been  recorded  by  Kayser  and  Steinmann  respectively  (Obolus, 
Lingulella,  Orusia,  Eoorthis,  Olenus,  Conocephalites,  etc.).  This 
represents  the  only  Cambric  terranes  known  on  the  continent  al¬ 
though  there  may  be  an  unknown  extension  of  these  rocks  north¬ 
ward  in  Bolivia.  Some  probability  of  this  is  suggested  by  the 
only  known  Ordovicic  formations  which  was  discovered  by  Sir 
John  Evans  in  Caupolican,  Bolivia,  and  which  lies  along  the  strike 
of  these  Cambric  outcrops.^  This  Ordovicic  section  rests  upon 
the  discovery  of  very  poorly  preserved  graptolites  (Didymograp- 
tus,  Phyllograptus,  Glossograptus,  Cryptograptus  ?  and  Climaco- 
graptus)  and  trilobites  of  the  genera  Peltura,  Symphysurus,  Trin¬ 
ucleus  and  Ogygia;  both  graptolites  and  trilobites  indicating  an 
early  Ordovicic  age.^ 

These  Cambric  and  Ordovicic  faunas  are  too  limited  to  afford 
any  clear  indications  of  the  relations  of  land  and  water  during 
those  periods  or  the  direction  of  the  invasion,  although  it  was 
probably  from  the  east,  and  the  faunas  are  those  of  the  Atlantic 
type  with  which  we  are  familiar  in  the  Northern  Hemisphere  and 
not  decidedly  austral  as  are  the  subsequent  Devonic  faunas.  It 
may  be  that  both  Cambric  and  Ordovicic  will  be  eventually  found 
in  what  might  be  termed  the  pre-Cordilleran,  or  pre-Andean,  re¬ 
gion,  northward  in  Peru  and  Ecuador,  a  region  practically  un¬ 
known  geologically,  or  this  earliest  Andean  geosyncline  which  lay 
largely  to  the  east  of  the  present  Eastern  Andes  may  have  had  its 
greater  portion  buried  in  what  is  now  the  central  trough  of  South 
America.  As  the  known  Cambric  rocks  are  of  Late  Cambric  age 
and  the  Ordovicic  rocks  are  of  Early  Ordovicic  age  there  is  evi¬ 
dence  of  a  very  considerable  break  between  these  early  Paleozoic 
rocks  and  the  succeeding  Siluric  sediments. 

Siluric  rocks  are  known  from  Amazonas  and  Para  and  doubt¬ 
fully  from  a  few  other  localities  in  Brazil ;  there  are  some  more  or 
less  doubtfully  determined  rocks  in  Peru  believed  to  be  of  Siluric 
age ;  and  there  is  considerable  development  of  rocks  of  this  age  in 
the  Eastern  Andes  from  east  of  Lake  Titicaca  southward  across 
Bolivia  to  northwestern  Argentina.  Present  evidence  indicates 
rather  clearly  an  Atlantic  invasion  up  the  Amazonian  geosyncline. 
The  Bolivian  section,  which  is  rather  uniform  for  several  hundreds 

2  Ordovicic  strata  have  also  been  reported  from  the  pre-Cordillera  of  Argentina. 

3  See  Quart.  Jour.  Geol.  Soc.  L,ond.,  vol.  62,  pp.  425-432,  1906. 
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of  miles  along  the  strike,  lies  largely  to  the  east  of  the  present 
divide  of  the  Eastern  Andes,  and  shows  the  following  general 
succession : 

White  quartzite,  with  Scolithus. 

Sandy  shales,  packed  with  large  Lingulas. 

Heavy  gray  sandstone,  the  socalled  Bilobites  sandstone. 

Dark  pyritiferous  shales,  with  geodes. 

Middle  quartzite. 

Graptolitic  shales. 

Lower  shales  and  quartzites. 

Except  for  the  Lingula  beds  and  the  erosion-resisting  sand¬ 
stones  the  Siluric  rocks  are  only  sparingly  fossiliferous,  and  they 
appear  to  represent  very  shallow  water  sediments.  To  be  sure 
details  are  usually  not  made  out  in  reconnaissance  and  doubtless 
there  were  changes  of  level  during  the  Siluric  Period  and  a  shifting 
of  the  geographic  pattern;  but  the  time  has  not  yet  arrived  for 
determining  these  changes  or  even  for  allocating  the  South  Amer¬ 
ican  Siluric  succession  in  the  standard  world-section. 

We  know  more  about  the  Devonic  formations,  not  only  because 
of  their  greater  areal  extent,  but  because  of  their  more 
abundant  fossils,  which  have  been  rather  fully  described, 
principally  by  A.  Ulrich,  R.  Knod,  F.  Katzer  and  John  M. 
Clarke.  The  last  mentioned  author  has  discussed  this  austral 
Devonic  forms  in  several  papers,  chief  of  which,  his  recent  (1913) 
monograph  on  Parana  Paleontology,  is  a  most  scholarly  and  com¬ 
prehensive  summation  of  all  that  was  known  of  the  Devonic  rocks 
of  South  America  and  their  relations  to  the  Devonic  sections  of 
other  areas.  The  Devonic  rocks  are  predominantly  sand-  and 
mud-stones,  hence  the  prolific,  dear-water,  calcareous  faunas  are 
largely  wanting,  and  although  certain  localities,  such  as  those 
around  Lake  Titicaca  and  near  Tarabuco,  Bolivia,  are  notable  for 
their  fossils,  one  may  ride  for  days  over  the  black,  partially  meta¬ 
morphosed  Devonic  shales  in  the  Eastern  Andes  without  seeing 
much  except  occasional  Nuculites-like  bivalves  and  the  ubiquitous 
Oriskany  Leptocoelia  flabellites  which  latter  is  so  abundant  and 
widespread  that  someone  has  christened  this  austral  Devonian  land- 
mass  “Flabellites  Land.’’ 

No  Devonic  beds  have  been  found  in,  or  west  of,  the  Western 
Andes,  and  that  region  is  believed  to  have  remained  a  land  area. 
There  is  also  good  evidence  of  land  at  this  time  in  the  northern 
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and  eastern  parts  of  the  continent,  and  of  a  land-connection  with 
Antarctica.  Whether  the  whole  interior  of  South  America  was  a 
single,  epicontinental  sea,  or  was  more  or  less  broken  up,  we  do 
not  know.  Certainly,  if  the  present  folds  were  smoothed  out  the 
Devonic  sediments  would  cover  a  continuous  area  of  great  width, 
for  to-day  in  its  tightly  folded  state  it  outcrops  over  an  area  near¬ 
ly  400  miles  in  width  in  Bolivia. 

Structurally  we  see  clearly  at  this  time  an  Amazonian  geosyn¬ 
cline,  and  an  Eastern  Andean  syncline  extending  from  Latitude 
10°  South  in  Peru  southward  to  the  Falkland  Islands.  Neither 
in  Bolivia  nor  in  Argentina  is  there  any  evidence  of  a  break  be¬ 
tween  the  Siluric  and  the  Devonic  sections  and  the  faunas  of  the 
latter  contain  numerous  slightly  modified  holdovers  from  the  form¬ 
er.  In  Bolivia  the  sedimentary  succession  is  as  follows : 

Upper  unfossiliferous  sandstones. 

Huamampampa  sandstones. 

Conularia  beds. 

Fossiliferous  sandstones. 

Unfossiliferous  sandstones. 

Although  all  but  the  middle  member  are  termed  sandstones  they 
are  prevailingly  shaly,  and  shale  is  the  predominating  lithologic 
type  encountered  in  crossing  the  ranges.  This  succession  prob¬ 
ably  represents  a  single  cycle  of  invasion  and  retreat  of  the  sea, 
with  always  a  near-at-hand  source  for  the  almost  exclusively  ter¬ 
rigenous  sediments.  In  Matto  Grosso,  Brazil,  the  chief  fossilifer¬ 
ous  rock  is  a  hematite,  believed  to  be  an  altered  limestone,  which 
may  account  for  the  more  varied  fauna  in  that  area.  With  the 
exception  of  the  faunas  described  from  northern  Brazil  (Erere), 
which  some  authorities  regard  as  indicating  Hamilton  affinities, 
all  of  the  South  American  Devonic  rocks  are,  in  a  boreal  sense. 
Early  Devonic  in  age,  that  is  corresponding  roughly  with  the  Held- 
erberg-Oriskany-Onondaga  strata  of  eastern  North  America,  and 
with  the  retreat  of  the  Early  Devonic  epicontinental  sea,  early  in 
Mid  Devonic  time,  all  of  South  America  became  dry  land,  and 
remained  so  for  a  very  long  time,  since  there  are  no  known  marine 
deposits  of  Late  Devonic,  Mississippian  or  early  Pennslyvanian 
date  anywhere  in  the  southern  continent. 

South  American  geological  history  is,  then,  a  blank,  in  so  far  as 
marine  history  is  concerned,  from  early  Mid  Devonic  to  Mid  Car¬ 
bonic  times.  Continental  deposits,  with  plant  fossils  which  I 
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regard  as  indicating  a  Westphalian  age,  are  present  at  a  few  locali¬ 
ties  in  Peru,  Bolivia  and  northwestern  Argentina.  These  are 
followed,  in  the  Titicaca  region,  by  the  marine  beds  which  have 
furnished  the  fossils  for  which  that  region  has  been  so  notable 
since  the  days  of  d’Orbigny’s  youthful  journey.  In  striking  con¬ 
trast  to  the  austral  and  provincial  nature  of  the  Devonic  biota,  this 
marine  Carbonic  fauna  is  cosmopolitan  in  facies,  and  has  much 
in  common  with  the  Uralian  (Stephanian)  assemblages  found  in 
Russia,  Asia,  and  the  southwestern  portions  of  the  United  States. 
So  fossiliferous  are  some  of  these  limestones  that  one  locality  has 
received  the  name  of  Chulpapampa  by  the  Indians,  which  in  a 
liberal  translation,  would  be  fossil-plain,  and  I  have  profitably 
employed  untrained  Indians  to  collect  fossils  for  me  from  localities 
that  I  did  not  have  time  to  visit.  This  Uralian  flooding  appears 
to  have  been  from  the  Atlantic  Ocean  by  way  of  the  Amazonian 
geosyncline,  and  no  Pacific  seaways  are  known.  Both  to  the  west¬ 
ward  and  southward  the  sediments  change  from  limestones  to 
littoral,  plant-bearing  beds,  and  although  they  lie  mainly  in  the 
Eastern  Andean  and  Inter-Andean  belts,  they  extend  west  of  the 
present  Western  Andes  and  reach  the  present  Pacific  Coast  at 
Paracas,  showing  the  entire  absence  of  anything  corresponding  to 
the  present  Western  Andes  belt  of  that  time. 

Although  life  was  prolific  in  this  Uralian,  epicontinental  sea, 
transgression  was  quickly  followed  by  retreat  and  we  have  another 
long  period  of  emergence  which  extended  from  Late  Carbonic 
times  entirely  through  Permian  times,  and  most  of  the  Triassic 
Period.  Permian  records  in  South  America  are  entirely  con¬ 
tinental  in  character,  as  are  also  those  of  the  Triassic  Period,  ex¬ 
cept  for  certain  not  well  authenticated  localities  of  supposed  Late 
Triassic  deposits  in  northern  Peru.  The  known  Permian  outcrops 
and  underlies  a  large  area  —  almost  one-half  of  the  total  area  of 
South  America.  In  Brazil  and  Argentina  ^  the  rock  sequence 
reaches  a  thickness  of  at  least  2,000  feet,  and  shows  considerable 
lithologic  variation.  It  is  disconformable  on  whatever  lies  be¬ 
neath,  most  often  on  the  so-called  crystalline  complex;  and  it 
shows,  in  a  typical  south  Brazilian  section,  glacial  conglomerates 

4  At  this  moment  there  comes  to  hand  a  summary  of  the  Permian  glacial  deposits 
of  Argentina.  Keidel,  J.;  Sobre  la  distribucion  de  los  depositos  glaciares  del  Per- 
mico  conocidos  en  la  Argentina — .  Bol.  Acad.  Nac.  de  Ciencias  en  Cordoba,  tomo  25, 
1922. 
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and  sandstones  passing  upward  into  coal  measures  containing  the 
Glossopteris  flora.  It  is  followed  by  over  a  thousand  feet  of 
shales  containing  reptilian  remains  and  fossil  woods.  The  section 
shows  many  general  similarities  to  that  of  South  Africa,  especially 
in  the  plants  and  Mesosaurus,  and  its  relations  to  the  Triassic,  and 
it  has  generally  been  interpreted  as  indicating  that  South  America 
was  a  part  of  so-called  Gondwana  Land  extending  from  South 
America  to  India  and  Australia.  In  the  state  of  Santa  Catharina, 
Brazil,  which  furnishes  the  most  complete  known  section,  the  fol¬ 
lowing  succession  has  been  described : 

^  FEET 


SANTA 

CATHARINA 

SYSTEM 


Sao  Bento  Series 
Triassic 


Serra  Geral  eruptives . 1950 

Sao  Bento  sandstones . 650 

Rio  do  Rasto  red  beds,  with 
Scaphonyx  (dinosaur)  and 
w’ood  .  335 


Probable  break 


Passa  Dois  Series 
Permian 


Rocinha  limestone . 

Estrada  Nova  shales . 

Iraty  black  shale,  with  Me¬ 
sosaurus  petroliferus . 


10 

500 

230 


Tubarao  Series 
Permian 


Palermo  shale . 290 

Rio  Bonito  coal  measures,  of 
shales,  coals  and  sandstones, 

^  with  the  Glossopteris  flora.. 515 

Orleans  glacial  till . 17 

Yellow  sandstones  and 

shales .  88 

Granite 


Farther  southwest  the  Late  Triassic  basaltic  outflows  are  re¬ 
placed  by  continental  beds  containing  representatives  of  the  cos¬ 
mopolitan  Rhsetic  flora  (Chile  and  western  Argentina).  No  ma¬ 
rine  Triassic  beds  have  been  discovered  in  South  America,  except 
certain  poorly  known  localities  in  the  Andean  region  of  Central 
and  Northern  Peru.  The  few  fossils  suggest  a  Norian,  or  Late 
Triassic  age,  are  cosmopolitan  types,  and  apparently  are  the  pre¬ 
cursors  of  the  considerable  Liassic  transgression  which  follows 
after  a  break  representing  the  Rhaetic  stage  of  the  universal  time 
scale. 

The  older  Paleozoic  sediments  appear  to  have  been  folded  after 
the  Early  Devonic  transgression,  and  there  is  a  second  period  of 
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folding  after  the  deposition  of  the  Carbonic  marine  sediments. 
The  whole  continent  was  high  during  the  Permian  times,  but  I 
can  see  no  evidence  of  any  Andean  mountain  ranges  at  that  time. 

With  the  beginning  of  Jurassic  times  we  have  a  reappearance 
and  extension  of  the  Andean  geosyncline,  but  the  older  geosyn¬ 
cline  lay  mostly  east  of  this  Mesozoic  geosyncline  and  did  not  ex¬ 
tend  so  far  either  northward  or  southward.  Moreover  its  rocks 
were  intensely  folded  before  the  IMesozoic  transgression  and 
doubtless  stood  at  some  elevation  during  the  Permo-Triassic  up¬ 
lift,  but,  as  I  have  just  stated,  there  is  no  evidence  that  they 
formed  a  high  mountain  chain. 

Jurassic  faunas  are  known  from  Colombia  to  Argentina  and 
Chile,  but  they  are  so  largely  obscured  by  volcanic  materials  that 
the  outcrops  of  the  rocks  carrying  them  are  patchy,  of  limited 
extent,  and  of  unknown  relationships.  The  strata  are  confined 
tc-  the  Western  Andean  region  so  far  as  known,  and  although  the 
details  are  not  clear  they  appear  to  represent  all  of  the  major 
stages  of  Jurassic  chronology.  For  example,  Lisson  recognizes 
the  following  stages  in  Peru :  Hettangian,  Sinemurian,  Pliens- 
bachian,  Bajocian,  Bathonian,  Callovian,  and  Portlandian.  Some 
of  these  determinations  are  probably  over  sanguine,  but  we  must 
remember  that  detailed  areal,  or  stratigraphic,  work  in  the  sense 
in  which  we  ordinarily  use  these  terms,  is  practically  unknown 
throughout  the  whole  extent  of  the  Andes. 

The  generally  accepted  interpretation  of  the  Andean  geosyn¬ 
cline  is  that  it  separated  the  Brazilian,  or  better,  the  eastern  South 
American  massifs,  from  a  Pacific  massif,  of  which  the  crystalline 
schists  of  the  Coast  ranges  represent  the  eastern  edge.  Very  con¬ 
siderable  faunas  of  old-world  Mediterranean  affinities  have  been 
collected  from  the  South  American  Jurassic  beds,  and  there  is 
a  considerable  Late  Jurassic  flora  known  from  northern  Graham 
Land,  which  latter  fact  suggests  a  land-connection  with  Antarc¬ 
tica  at  that  time  along  the  Pacific  side  of  the  geosyncline.  Doug¬ 
las  ®  predicates  a  post- Jurassic  uplift  with  the  formation  of  gran¬ 
itic  batholiths.  This  may  be  true  of  local  areas,  but  it  certainly 
was  not  general  nor  synchronous  for  the  whole  region.  I  find  no 
evidence  of  a  break  in  Peru,  nor  is  such  a  break  clear  in  the 
southern  Andes.  There  was  doubtless  a  shifting  in  the  geographic 

5  Quart.  Jour.  Geol.  Soc.  London,  Vol.  CXXVI,  No.  301,  1920. 
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pattern  both  during,  and  at  the  close  of,  Jurassic  time,  e.g.,  con¬ 
tinental  coal-bearing  beds  are  common  in  the  Western  Andes  of 
Peru  between  marine  Jurassic  beds  and  abundantly  fossiliferous 
marine  beds  which  have  been  referred  to  the  Aptian  stage  of  Early 
Cretacic  age.  These  continental  beds  have  been  uniformly  con¬ 
sidered  as  Wealden,  or  Neocomian,  but  there  is  little  certainty 
about  their  true  age.  Those  around  Lima,  Peru,  appeared  to  me 
to  represent  the  Portlandian  stage  of  the  Jurassic  section  and 
they  were  followed  by  marine  Neocomian  beds.®  It  would  appear 
that  Jurassic  times  were  closed  by  a  negative  movement  of  the 
strand,  and  in  places  this  resulted  in  emergent  conditions,  but 
there  was  certainly  no  great  uplift  or  folding  at  this  time. 

Because  of  conditions  to  which  I  will  allude  presently  in  con¬ 
nection  with  the  Late  Cretacic  discussion  there  is  great  uncertainty 
regarding  the  succession  of  events  during  both  the  Early  and  the 
Late  Cretacic  periods.  In  the  southern  Chilean  Andes  the  marine 
Early  Cretacic  section  embraces  beds  that  have  been  correlated 
with  the  standard  stages  from  Tithonian  to  Aptian.  Farther 
northward  in  the  same  region,  the  beds  considered  to  be  Aptian 
are  continental  in  character.  All  horizons  have  also  been  reported 
from  the  great  Mesozoic  area  of  northern  Peru,  faunas  that  have 
been  called  Aptian  and  Albian  being  especially  widespread.  Per¬ 
haps  all  that  can  be  definitely  accepted  is  that  between  Latitude  16° 
and  30°  South,  marine  sediments  of  an  age  not  later  than  Mid- 
Jurassic,  is  succeeded  by  land  in  this  central  part  of  the  Andean 
geosyncline,  and  the  next  recorded  events  are  represented  by  strata 
that  by  some  authors  have  been  considered  where  Early  Cretacic 
affinities  (Aptian  or  Barremian),  but  which  there  is  some  evidence 
for  considering  them  to  be  Later  Cretacic  in  age. 

There  are  some  continental  deposits  of  Early  Cretacic  age  in  the 
Patagonian  Andes  and  certain  areas  in  the  Brazilian  Highlands 
have  been  tentatively  assigned  to  this  period.  The  Andean  geo- 
syncline  attained  its  greatest  extent  during  Late  Cretacic  times, 
extending  from  Trinidad  through  Venezuela,  Colombia,  Ecuador, 
Peru,  Bolivia  and  Chile,  to  Graham  Land.  Whether  there  was 
ever  at  one  time  a  continuous  sea  throughout  this  extent  is  doubt¬ 
ful  in  view  of  the  overwhelming  Indo-Pacific  character  (accord- 

6  Geologia  de  Lima  y  sus  Alrededores,  Lima,  1907;  and  also  Berry,  E.  W.,  Johns 
Hopkins  Studies  in  Geology,  No.  4,  1922. 
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ing  to  W.  Kilian)  of  the  Graham  Land  ammonite  faunas,  and  the 
equally  overwhelming  affinities  of  the  Peruvian  faunas  with  the 
Late  Cretacic  faunas  of  northwestern  Africa.  We  owe  much  of 
our  knowledge  of  the  Andean  Cretacic  faunas  to  Steinmann  and 
his  students,  but  much  caution  is  necessary  in  viewing  their  re¬ 
sults,  which  have  an  air  of  precision  and  finality  which  they  are 
far  from  possessing.  The  sediments  are  largely  dear-water,  mas¬ 
sive  limestones,  with  the  fossils  preserved  mostly  as  casts,  hence 
errors  of  identification  are  easily  possible.  From  a  single  outcrop 
and  horizon  in  Peru  I  obtained  a  fauna  of  which  out  of  its  tweny- 
two  previously  known  forms  five  had  been  recorded  from  sup¬ 
posed  Aptian,  six  from  supposed  Albian,  six  from  supposed 
Cenomanian,  and  nine  from  supposed  Emscherian.  This  does  not 
mean  corresponding  ranges  of  the  species,  but  previous  errors  in 
the  identification  of  species  and  in  the  age  determinations  of  the 
strata. 

All  of  the  standard  Late  Cretacic  stages  from  Cenomanian  to 
Santonian  have  been  recorded  from  the  Andes,  but  the  time  has 
not  yet  arrived  for  attempting  a  detailed  history  of  the  Cretacic 
succession  in  this  region.  Some  time  during  Late  Cretacic  times 
gypsiferous  red  beds  were  deposited  along  a  wide  belt  extending 
from  north  of  Lake  Titicaca  to  northwestern  Argentina.  These 
red  beds  contain  thin  limestone  intercalations  and  fresh-  and  brack¬ 
ish-water  fossils  and  constitute  what  Steinmann  has  called  the 
Puca  standstone.  Fritzsche  correlates  these  red  beds  with  the 
littoral  and  continental  Early  Cretacic  (?)  section  of  Peru,  as¬ 
signing  a  Barremian  age  to  them  because  of  the  resemblance  of 
some  of  the  fresh-water  and  brackish  mollusks  to  forms  described 
by  Bunker  from  the  Wealden  of  Germany.  At  one  locality  in 
Bolivia  I  collected  a  few  marine  fossils  from  these  red  beds,  and 
I  have  specimens  collected  by  others  from  two  additional  locali¬ 
ties,  which  show  conclusively  that  these  beds  are  not  of  Early 
Cretacic  age,  but  of  the  same  age  as  the  most  extensive  Late  Cre¬ 
tacic  fauna  of  Peru.  The  exact  age  of  this  maximum  extent  of 
the  Late  Cretacic  sedimentation  is  uncertain,  but  it  is  not  older 
than  Cenomanian,  nor  younger  than  Emscherian.  The  Puca 
sandstone,  therefore,  represents  shoreward  deposits  for  a  distance 
of  500  to  600  miles  along  the  eastern  margin  of  the  central  part 

7  Centralb.  f.  Min.  Geol.  &  Pal.,  No.  9,  pp.  272-277,  1921. 
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of  the  Andean  geosyncline  lying  mostly  to  the  eastward  of  the 
present  divide  of  the  Eastern  Andes  thus  clearly  indicating 
that  the  Eastern  Andes  of  Bolivia,  at  least,  were  not  elevated  until 
post-Cretacic  time.  Nowhere  in  South  America  are  there  any 
known  deposits  of  the  closing  stages  of  the  Late  Cretacic  Period 
( Maestrichtian  and  Danian)  ;  and  we  conclude  from  this  that  the 
Late  Cretacic  sea  probably  reached  its  maximum  during  the 
Emscherian  stage,  after  which  it  commenced  a  withdrawal,  and  the 
region  as  a  whole  has  been  above  sea-level  from  that  time  to  the 
present.  There  are  extensive  continental  Cretacic  deposits  (Va¬ 
riegated  sandstone)  in  Patagonia,  and  some  provisionally  deter¬ 
mined  areas  in  Brazil,  as  well  as  a  slight  transgression  of  the  At¬ 
lantic  in  Bahia,  Pernambuco,  and  Rio  Grande  do  Norte,  in  Brazil. 

If  the  work  of  the  late  F.  Kurtz  is  reliable,  a  land-connection 
with  North  America  is  indicated  by  the  invasion  of  South  Amer¬ 
ica  so  far  as  northern  Argentina  by  the  terrestrial  flora  of  North 
American  Late  Cretacic  types.^  A  similar  land-connection  with 
Antarctica  is  clearly  indicated  by  both  the  Late  Cretacic  and  Early 
Tertic  floras  of  southern  South  America  and  Graham  Land.  This 
emergent  phase  continued  throughout  the  greater  part  of  the 
Eocene  as  a  land  condition  both  in  Panama  and  beyond  Cape 
Horn.  According  to  Stanton  Vaughan  and  my  own  obser¬ 
vations,  there  was  no  interoceanic  connection  between  the  Carib¬ 
bean  Sea  and  the  Pacific  Ocean  during  the  interval  from  Jurassic 
to  middle  Eocene  times. 

Marginal  marine  Eocene  beds  are  present  in  Trinidad,  at  a  few 
scattered  localities  in  Colombia,  in  eastern  Brazil  (Bahia,  Rio 
Grande  de  Norte),  and  in  northern  Peru;  and  there  is  an  exten¬ 
sive  Atlantic  transgxession  in  southern  Argentina  —  the  San 
Jorge,  or  Roca,  transgression.  The  Peruvian  Eocene  beds  have 
furnished  Vaughan  with  a  coral  which  suggests  an  age  as  early 
as  the  Wilcox  formations.  My  own  collections,  and  a  perusal  of 
the  forms  recently  figured  by  Henry  Woods,  suggest  an  age  for 
these  Peruvian  deposits  not  earlier  than  Lutetian  or  middle  Eocene 
(Claiborne).  This  conforms  with  the  geological  history  of  Pana¬ 
ma,  and  is  strengthened  by  the  strong  Atlantic  affinities  of  the 

8  Berry,  E.  W.,  this  journal,  Vol.  XXXVII,  pp.  241-242,  1922. 

9  See  Berry,  E.  W.,  Science,  N.  S.,  Vol.  XXIII,  pp.  509-510,  1906. 

10  Bull.  Geol.  Soc.  America,  Vol.  XXIX,  pp.  601-606,  1918. 

11  Proc.  Pan-Pac.  Sci.  Conf.,  pt.  3,  p.  838,  1921. 
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fauna,  and  the  evidence  of  emergence  in  the  greater  Antilles  dur¬ 
ing  the  early  Eocene  times. 

During  the  Eocene  and  Oligocene  periods  lignite-bearing,  con¬ 
tinental,  or  lagoonal,  (non-marine)  deposits  are  found  in  southern 
Chile,  Tierra  del  Fuego,  and  Graham  Land  (Latitude  42°  and 
southward).  The  flora  contained  in  these  beds  is  so  similar  that 
a  land-connection  with  Antartica  is  imperative.  Terrestrial  faunas 
of  this  time  are  found  in  the  so-called  Notostylops  and  Pyrotheri- 
um  beds  of  Argentina. 

Much  naturally  remains  to  be  learned  about  the  Late  Tertic 
(Miocene  and  Pliocene)  formations  of  South  America.  In  particu¬ 
lar  the  extent  of  the  Carribean  submergence  in  Venezuela  and  Co- 
ombia  is  imperfectly  known,  as  is  the  extent  to  which  the  now  cov¬ 
ered  basins  of  the  Orinoco,  the  Amazon  and  La  Plata  were  invaded 
by  the  sea.  There  is  a  strong  presumption  that  there  was  interoce- 
anic  connection  from  the  Carribean  Sea  across  Colombia  and 
Ecuador  to  northern  Peru.  Vague  records  of  travellers  hint  at 
this,  and  the  fauna  of  the  Zorritos  formation  of  northern  Peru  is 
overwhelmingly  Carribean  in  its  affinities  and  Central  America 
was  emergent  at  that  time,  according  to  Vaughan. 

The  early  Miocene,  marginal  invasion  of  southern  Chile  (Navi- 
dad  beds),  and  the  similar  Atlantic  invasion  of  southern  Argen¬ 
tine  (Patagonian),  have  much  in  common;  and  both,  but  especially 
the  former,  contain  a  strikingly  different  fauna  from  that  found 
in  the  Zorritos  formation  of  Peru.  This  lack  of  community  be¬ 
tween  the  Zorritos  and  Navidad  faunas  suggests  a  former  greater 
extent  of  the  land  at  this  time  somewhere  between  Latitude  12® 
and  35°  South.  If  the  geography  has  been  like  that  of  the  present 
the  Miocene  Humboldt  or  Peruvian  current  would  inevitably  have 
carried  the  Navidad  fauna  northward  as  it  does  the  present  fauna. 
Emergence  seems  likely  in  the  down-faulted  regions  which  are  now 
the  Peruvian  and  Chilean  deeps  lying  close  to  the  present  shores. 
This  conception  receives  a  measure  of  support  from  the  fact  of 
the  identity  of  the  two  associated  floras,  their  Brazilian  affinities, 
and  the  fact  that  neither  is  a  coastal  flora. 

At  this  time  the  site  of  the  present  Andes  was  not  sufficiently 
elevated  to  modify  the  climate  of  the  present  desert  belt  of  the 
West  Coast,  or  to  prohibit  the  free  spread  of  the  flora  southward 

12  See  Spieker,  E.  M.,  Johns  Hopkins  Studies  in  Geology,  No.  3,  1922. 
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as  far  as  Curanilahue,  Chile.  There  appears  to  have  been  suffi¬ 
cient  elevation  still  farther  south,  accompanied  by  vulcanism,  to 
modify  the  climates  on  the  Chilean  and  Patagonian  sides,  but  noth¬ 
ing  approaching  the  contrast  of  present-day  conditions. 

Marine  Pliocene  beds  are  represented  in  Venezuela,  probably 
in  Colombia  and  Ecuador,  in  coastal  Peru  (Payta  formation), 
in  Chile  (Coquimbo-Caldera  beds),  in  Argentina  (Cape  Fair- 
weather  beds  at  the  south,  Parana  beds  farther  north),  and  in 
eastern  Brazil  (Bahia).  Branner  considers  the  last  named  forma¬ 
tions  as  lake  beds.  They  contain  no  marine  fossils,  but  occupy  a 
late  Cretacic-Eocene  embayment;  and  although  they  contain  no 
known  marine  fossils,  their  fossil  plants  are  distinctly  coastal  types. 
Continental  Pliocene  deposits  are  widespread  in  South  America. 
It  was  during  Pliocene  times  that  the  great  elevation  of  the  Andes 
commenced,  accompanied  by  maximum  vulcanism  in  the  Western 
Andes,  and  the  invasion  of  granitic  batholiths  in  the  Eastern  An¬ 
des.  Mineralization,  as  for  example  the  Bolivian  silver-tin  dis¬ 
trict,  the  Corocoro  copper  district,  etc.,  were  important  phases  of 
the  last  mentioned  event. 

Elevation  was  accompanied  by  enormous  valley-filling  and 
waste-slope  deposition.  The  Pliocene  deposits  on  both  sides  of  the 
Cordillera,  and  in  the  Intermontane  valleys  are  of  great  thickness. 
These  are  plant-bearing  on  the  Bolivian  plateau  at  Jancocata,  Cor¬ 
ocoro,  and  Chacarilla ;  in  the  Eastern  Andes  at  Pisllypampa  and 
Potosi ;  and  east  of  the  mountains  in  Bolivia  and  northwestern 
Argentina ;  and  doubtless  at  many  yet  undiscovered  localities 
throughout  Peru.  These  beds  also  contain  the  Plio-Pleistocene 
terrestial  fauna  (Mastodon,  Megatherium,  Scelidotherium,  !Ma- 
crauchenia,  Hippidium,  Parahipparion,  etc.)  for  which  the  An¬ 
dean  region  is  famous  and  which  is  really  very  prolific. 

Some  of  these  plant-bearing  beds,  notably  those  around  Coro¬ 
coro,  Bolivia,  have  recently  been  discussed  in  great  detail.^^.  One 
striking  line  of  evidence  of  the  recency  of  uplift  of  the  Andes  rests 
on  the  changes  of  level  shown  by  these  fossil  plants,  for  example, 
the  presence  of  palms  at  Potosi  and  Pisllypampa,  at  elevations  re¬ 
spectively  of  13,500  and  11,000  feet.  All  of  these  Pliocene  floras, 
comprising  in  all  150  species  of  plants,  very  close  to  still  existing 
species  of  the  Yungas  and  the  Amazon  basin,  demonstrate  great 

13  Hopkins  Studies  in  Geologry,  Nos.  1  and  4,  1922. 
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changes  in  level.  This  evidence  receives  full  confirmation  from 
Bowman’s  physiographic  studies  in  the  Andes,  and  explains  the 
distribution  of  the  existing  birds  and  fresh- water  fishes,  as  set 
forth  in  such  a  masterly  way  by  Chapman  and  by  Eigenmann  re¬ 
spectively.  The  post-Pliocene  elevation  with  the  consequent  cli¬ 
matic  changes  west  of  the  Front  range  is  estimated  by  me  at  not 
less  than  6500  feet  and  possibly  as  much  as  9000  feet. 

This  region  commenced  its  elevation  as  a  country  of  mature 
erosion  and  low  relief.  Concomitant  with  elevation  and  waste- 
slope  deposition  went  intrenchment  of  the  streams.  The  Rio  la 
Paz,  the  only  river  which  cuts  the  Cordillera  Real,  appears  to  date 
from  this  time  or  even  earlier,  trenching  an  area  of  soft  Devonic 
shales  lying  in  a  saddle  between  the  Illimani  and  Quimsa  Cruz  pro¬ 
jections  of  the  Illimani  batholith.  With  the  attainment  of  maxi¬ 
mum  elevations  in  the  Pleistocene  came  glaciation,  which  shows 
two  maxima.  So  far  as  I  can  discover  the  Andean  glaciation  was 
wholly  of  the  Montane  type,  and  did  not  reach  low  levels,  except 
in  the  extreme  southern  part  of  the  continent.  In  Bolivia  and 
Peru  the  lower  limit  of  this  glaciation  is  about  2500  feet  below  the 
present  lower  limit,  but  the  data  are  much  masked  by  the  prevail¬ 
ing  aridity  of  the  region  at  the  present  time.  Thus,  at  Potosi,  the 
Cerro  has  no  permanent  ice-cap,  although  it  reaches  an  elevation 
of  15,500  feet,  whereas  the  terminal  moraine  lies  below  the  town 
at  about  12,500  feet. 

In  summing  up  the  evidences  of  former  land-connections,  I 
omit  all  detailed  consideration  of  Central  American-Antillean  land- 
connections,  since  so  much  has  been  written  about  them  recently* 
The  evidences  for  Antarctic  association  are : 

Slight  importance  is  attachable  to  submarine  topography,  so  far  as  it 
goes  it  is  confirmatory. 

Common  Mesozoic  and  Tertic  land-plants  are  clearly  derived  from  South 
America. 

Similarity  of  diastrophic  history  throughout  Mesozoic  and  Cenozoic 
times. 

Identity  of  igneous  rocks  . 

Recent  sinking  of  Coast  Range  and  flooding  of  the  longitudinal  valley 
of  southern  Chile. 

Fossil  Araucarian  forests  in  the  Falklands,  indicating  former  greater 
extent  of  the  land. 

Former  greater  extent  of  the  land  (Eocene-Miocene)  in  the  Coronel-Lota 
region  of  Chile. 
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Summary  of  arguments  for  greater  former  extent  of  South  America : 

Triassic  and  Permian  continental  deposits. 

Permian  glaciation. 

Absence  of  early  Paleozoic  and  Mississippian  sediments. 

Derivation  of  Paleozoic  sediments. 

Areas  of  supposed  ancient  crystallines  along  West  Coast. 

Passage  from  limestones  to  littoral  Carbonic  deposits  as  Pacific  coast 
is  reached  in  Peru. 

Down-faulted  origin  of  the  Peruvian  and  Chilean  deeps. 

Overwhelming  evidence  of  adjustment  still  taking  place  (seismological). 
No  marine  pre-Mesozoic  deposits  on  the  West  Coast. 

Atlantic  character  of  the  Andean  Mesozoic  transgression. 

Lack  of  community  between  the  Peruvian  and  Chilean  marine  Miocene 
formations. 

Evidence  of  coastal  subsidence  from  Rio  southward  on  the  East  Coast, 
and  from  Concepcion  southward  on  the  West  Coast. 
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RESEARCH  PROBLEMS  OF  THE  GREAT  BASIN  ^ 

By  Dr.  John  A.  Widtsoe: 

Sometime  President  of  University  of  Utah 

On  that  memorable  summer  morning  of  July  24,  1847,  Brigham 
Young,  coming  over  the  mountain  to  the  east  of  us,  looked  down 
upon  the  marvelous  prospect  which  spread  out  before,  and  de¬ 
clared  : 

‘This  is  the  place !” 

When  civilized  man  thus  took  possession  of  the  Great  Basin,  he 
claimed  one  of  the  most  interesting  parts  of  the  world.  It  was 
the  last  land  of  mystery  in  the  United  States ;  it  lay  in  an  environ¬ 
ment  vastly  different  from  that  in  which  modern  civilization  had 
been  born;  it  had  resources  for  human  good  beyond  the  ordinary 
dreams  of  man;  and  it  offered  problems  in  its  conquest,  so  com¬ 
plex  and  new,  that  the  heart  of  the  truth-seeker  thrilled  with  the 
anticipation  of  the  labor  of  solution.  It  is  still  only  partly  known. 
The  scientist,  seeker  for  truth,  may  yet  revel  in  the  new  things 
that  the  Great  Basin  has  in  its  keeping. 

The  Great  Basin  of  western  North  America  is  a  closed,  or  in¬ 
terior,  drainage  basin,  which  includes  the  western  half  of  Utah, 
nearly  all  of  Nevada,  very  large  areas  in  California,  and  southest- 
ern  Oregon,  and  small  areas  in  southeastern  Idaho  and  southwest¬ 
ern  Wyoming.  The  extreme  length  of  the  Great  Basin,  north  to 
south,  is  nearly  900  miles,  and  the  greatest  width,  east  to  west,  is 
nearly  600  miles.  The  area  of  the  Great  Basin  is  at  least  210,000 
square  miles,  or  a  full  fifteenth  part  of  continental  United  States, 
not  including  Alaska.  The  Sierra  Nevada  forms  the  western,  and 
the  Wasatch  Range  the  eastern  boundary  of  this  vast  tract. 

The  corrugated  topography  of  the  Great  Basin  is  characterized 

1  Address  delivered  before  the  American  Association  for  the  Advancement  of 
Science,  Salt  Lake  City  Meeting. 
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by  numerous  short  and  relatively  low  mountain  ranges,  of  a  gen^ 
eral  north  and  south  trend,  which  divide  the  region  into  valleys 
with  floors  from  4000  feet  to  5000  feet  above  sealevel.  There  are 
occasional  deeper  depressions ;  and  there  are  many  small  mountain 
valleys  at  considerable  altitudes.  The  mountain  peaks  of  the  re¬ 
gion  sometimes  reach  an  altitude  of  12,000  feet.  The  waters  have 
cut  deep  canyons,  through  which  the  rivers  enter  the  valleys  and 
are  lost  in  “sinks”  and  shallow  lakes. 

In  Pleistocene  days  two  great  lakes  filled  a  large  part  of  the 
Great  Basin  area ;  Lake  Bonneville  in  the  east,  in  the  Utah  part 
of  the  basin ;  and  Lake  Lahontan  to  the  west,  in  the  western  Ne¬ 
vada  portion.  Numerous  smaller  lakes  filled  other  depressions. 
We  are  at  this  moment  on  the  Provo  level  of  Lake  Bonneville.  At 
one  time  the  waters  of  Lake  Bonneville  were  several  hundred  feet 
above  this  level.  These  great  bodies  of  ancient  waters  have  shrunk 
to  relatively  small  salt  lakes,  the  best  known  of  which  is  the  Great 
Salt  Lake. 

The  Sierra  Nevada  intercepts  and  condenses  the  moisture  that 
would  otherwise  fall  upon  the  Great  Basin.  Consequently  the  val¬ 
leys  of  the  Great  Basin  are  among  the  most  arid  in  North  America. 
The  precipitation  comes  chiefly  in  late  winter  and  early  spring; 
the  summers  are  almost  rainless  except  in  the  southern  part,  where 
the  Arizona  type  of  precipitation  prevails.  The  annual  rainfall  in 
the  valleys  varies  from  less  than  two  inches  to  18  or  20  inches. 
The  average  for  the  valleys  is  probably  not  above  10  inches  annu¬ 
ally.  In  the  mountains,  however,  the  rainfall  is  much  heavier 
sometimes  reaching  thirty-five  or  forty  inches  annually.  The 
relative  humidity  is  very  low,  causing  rapid  evaporation 
of  all  moisture.  The  annual  temperature  is  not  greatly  differ¬ 
ent  from  the  average  of  the  United  States;  but  the  daily  range, 
due  to  the  clear  skies,  thin  air  and  scanty  vegetation,  is  much 
greater.  Snow  falls  upon  most  of  the  Great  Basin,  but  seldom 
lies  long  on  the  ground.  The  Great  Basin  is  a  land  of  almost  con¬ 
stant  sunshine,  clear  skies,  dry  atmosphere,  comfortable  summers 
and  easy  winters. 

Into  this  desert  area  settlers  have  been  moving  since  1847.  Won¬ 
derful  conquests  of  nature  have  been  achieved.  Yet,  the  popula¬ 
tion  of  the  Great  Basin  does  not  exceed  four  or  five  persons  per 
square  mile.  It  is  today  essentially  an  unconquered  country.  The 
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total  population  within  the  Great  Basin  is  smaller  than  the  average 
^‘large”  American  city.  Nevertheless,  the  potential  wealth  in  nat¬ 
ural  resources  is  unsurpassed  by  any  part  of  the  earth.  The  eco¬ 
nomic  and  social  future  of  the  Great  Basin  is  therefore  inevitably 
connected  with  the  coming  development  of  the  country. 

The  research  problems  of  the  Great  Basin,  as  of  any  other  sec¬ 
tion  of  the  world,  fall  into  two  classes ;  those  pertaining  to  the  en¬ 
couragement  of  research,  and  those  derived  from  the  peculiar 
environment  of  the  region.  Both  classes  clamor  for  solution. 

The  early  pioneers  who  settled  in  the  Great  Basin  faced  the 
apparently  hopeless  task  of  conquering  a  forbidding  desert,  which 
pre-pioneer  explorers  had  declared  impossible  of  reclamation. 
There  was  little  time  for  aught  else  than  the  battle  between  man 
and  desert.  Yet,  education  and  the  things  that  flow  from  it  were 
in  the  minds  of  the  pioneers.  The  Utah  pioneers  for  example, 
founded  the  University  of  Utah  in  1850,  three  years  after  their 
arrival.  At  present,  each  of  the  Great  Basin  states  has  a  State 
University.  In  Utah  there  is  also  an  Agricultural  College  and  in 
the  Basin  are  several  technical  schools  and  many  private  institu¬ 
tions  of  higher  learning.  The  love  of  education  is  tremenduous. 
The  Great  Basin  universities  probably  have  the  largest  per  capita 
attendance  in  the  country.  The  sparsely  settled  Great  Basin  states 
are  giving  liberally  for  higher  education,  but  the  large  demand  for 
higher  education  make  it  practically  impossible  to  do  much  more 
than  to  teach  the  eager  youths  who  hunger  for  knowledge.  Small 
grants  are  made  for  research  in  all  the  Great  Basin  states,  larger 
in  proportion  to  income  than  in  other  states  of  the  Union,  but  ab¬ 
solutely  small  and  insufficient  to  meet  the  demands  of  this  region 
of  vast  possibilities. 

The  first  settler  fought  the  good  fight  and  made  the  desert  hos¬ 
pitable  ;  the  miner  followed ;  and  at  last  timid  capital  built  upon  the 
labors  of  the  pioneers  and  opened  the  tremendous  wealth  of  the 
mountains.  But,  the  profits  were  sent  east  and  west,  to  the  home 
of  capital,  and  little  remained  in  the  Great  Basin.  Huge  offices 
and  vast  industrial  enterprises  have  been  founded  in  the  East  with 
wealth  won  from  the  Great  Basin.  Even  the  Western  miner,  sud¬ 
denly  a  millionaire,  took  his  treasure  chest  and  himself  to  the  cen¬ 
ter  of  population.  There  are  a  few  noble  exceptions,  but  the  rule 
holds. 
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The  precious  metals  taken  from  Nevada  mines  represent  the  total 
assessed  valuation  of  the  State  several  times  over.  One  mine  in 
Utah  paid  in  dividends  in  one  year  one-twelfth  of  the  assessed 
valuation  of  the  State  of  Utah. 

The  problems  of  the  mining  industry  have  been  solved  chiefly 
by  careful  scientific  research,  yet  the  gifts  from  the  industry  to  re¬ 
search  are  almost  negligible.  The  same  story  may  be  told  regard¬ 
ing  other  industrial  activities  within  the  Great  Basin.  The  progres¬ 
sive  people  of  the  Basin  States  have  given  by  taxation  for  educa¬ 
tion  almost  beyond  their  means. 

The  remarkable  resources  of  the  Great  Basin  must  be  studied 
and  laid  before  the  country  by  research  grants  from  corporations 
and  men  of  wealth.  How  to  secure  the  necessary  financial  support 
for  scientific  investigation  is  perhaps  the  main  research  problem 
of  the  Great  Basin.  Great  as  this  problem  is,  wherever  scientific 
work  is  undertaken,  it  is  greatest  under  such  population  conditions 
as  prevail  in  the  Great  Basin. 

Many  studies  have  been  made  of  the  Great  Basin,  but  for  the 
most  part  they  have  been  very  general  in  character.  Detailed  sur¬ 
veys  need  to  be  made  of  the  climate,  minerals,  soils,  waters,  plants 
and  animals  of  this  interesting  region.  Such  studies  are  certain  to 
yield  valuable  results,  and  to  suggest  important  investigations  of 
general  interest. 

The  Great  Basin,  and  the  immediately  neighboring  country,  with 
its  sparse  covering  of  vegetation  and  plainly  exposed  rocks,  have 
long  been  a  fascinating  field  for  the  geologist,  and  many  ponder¬ 
ous  volumes  attest  the  multitude  of  data  secured.  Nevertheless 
every  canyon  opening  into  the  Great  Basin  is  worthy  of  further 
study,  and  should  be  studied  in  detail.  Every  other  natural  fea¬ 
ture  should  be  given  similar  treatment.  The  famous  Great  Salt 
Lake  itself  is  only  partially  known.  Most  interesting  results  should 
flow  from  the  study  of  the  living  things  in  the  Great  Basin,  for 
from  the  arid  plain  of  the  desert  valley,  through  the  canyons,  to 
the  humid,  short-season  mountain  valley  is  only  a  distance  of  a 
few  miles,  sometimes  only  four  or  five  miles.  This  juxtaposition 
of  arid  plain  and  humid  valley,  furnishes  a  climatological  overlapp¬ 
ing  that  certainty  would  be  strongly  reflected  in  Great  Basin  life. 

Moreover,  the  study  of  human  life  under  desert  conditions  is 
only  in  its  infancy.  In  view  of  the  fact  that  civilization  is  being 
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built  by  modern  man,  under  a  rainless  sky,  such  studies  are  amply 
justified.  Such  survey  work  is  always  first  in  order,  in  scientific 
studies  derived  primarily  from  the  peculiarities  of  any  region. 

The  soils  of  the  Great  Basin  bear  a  definite  relationship  to  Lake 
Bonneville  and  Lake  Lahontan  and  the  other  lakes  of  that  period. 
Most  of  the  valley  soils,  which  constitute  the  major  part  of  the 
agricultural  area  of  the  Basin,  have  been  laid  down  under  the 
waters  of  these  lakes.  Then,  as  the  climate  changed,  and  the  lakes 
vanished,  long  time  periods  of  aridity  prevailed.  Little  or  no  water 
drained  through  the  soils.  Much  sunshine,  rapid  and  large  oscilla¬ 
tions  of  temperance,  together  with  other  factors  of  aridity,  pro¬ 
duced  soils  which  are  distinct  from  the  soils  of  the  countries  in 
which  modern  science  has  developed. 

These  arid  soils  contain  much  soluble  matter  from  which,  when 
concentrated  by  irrigatfon  or  othewise,  the  feared  “alkali”  is 
formed.  Irrigation  upon  arid  soils  may  always  produce  alkali,  un¬ 
less  the  practice  is  guarded.  The  future  of  the  Great  Basin,  as 
the  home  of  a  modern  civilization,  depends  on  our  success  in  con¬ 
trolling  the  “alkali.”  Here  is  one  of  the  real  research  problems  of 
the  Great  Basin.  It  is  a  problem  worthy  of  the  keenest  tools  of  the 
chemist,  the  physicist,  the  mathematician  and  the  biologist.  The 
limits  of  so-alled  “pure”  science  must  be  advanced,  before  applied 
science  can  bring  alkali  under  full  control  and  make  of  it  an  ally 
rather  than  an  enemy  in  reclaiming  the  deserts  of  the  Great  Basin. 

There  would  be  no  permanent  community  population,  and  there¬ 
fore  no  science  or  scientific 'gatherings  in  the  Great  Basin,  were  it 
not  for  irrigation.  When  water  is  applied  to  arid  land  desert  yields 
and  garden  is  born. 

The  groves  of  trees  in  this  valley,  as  far  as  the  eye  can  reach,  and 
the  miles  of  cultivated  fields,  are  the  products  of  irrigation.  The 
art  of  irrigation,  however,  was  born  out  of  the  stem  necessity  of 
the  settler  upon  an  arid  land,  and  only  in  recent  years  has  it  be¬ 
come  a  subject  of  scientific  study.  Sunshine,  air,  soil  and  water, 
are  the  primary  factors  of  plant-growth.  Sunshine  and  air  are 
beyond  the  control  of  man ;  the  soil  only  measurably  so ;  but  under 
conditions  of  irrigation,  in  an  arid  land,  the  water-factor  is  almost 
wholly  under  control.  Every  worker  in  science  recognizes  the  vast 
possibilities  in  the  possession  of  one  controlled  factor  out  of  four. 
Already,  irrigation  investigations  have  revealed  possibilities  of 
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plant  control,  in  composition,  growth  and  development,  by  varying 
the  application  of  water. 

In  competition  with  the  world,  the  possibility  of  controlling  the 
application  of  water  to  plants,  will  be  the  first  concern.  Here  is 
not  only  a  fundamental  research  problem  of  the  Great  Basin,  but 
also  one  of  the  most  fascinating  fields  of  research  in  pure  science. 
A  rational  art  of  irrigation  must  be  built  upon  the  results  of  inves¬ 
tigations  in  various  domains  of  science. 

It  must  be  borne  in  mind,  however,  that  at  the  best,  the  avail¬ 
able  water  of  the  Great  Basin  will  irrigate  hardly  one-tenth  of  all 
the  lands.  The  remaining  nine-tenths  must  also  be  used.  Where 
the  rainfall  is  above  12  inches,  dry-farming,  or  farming  in  an  arid 
country  without  irrigation,  may  be  possible.  The  practice  of  dry¬ 
farming  rests  upon  scientific  law.  Much  is  yet  needed  in  the  way 
of  study,  before  the  practice  of  dry-farming  will  be  firmly  estab¬ 
lished  in  the  Great  Basin.  We  need  only  remember  that  about  one- 
half  of  the  earth’s  surface  lies  under  a  rainfall  of  less  than  20 
inches  and  most  of  this  area  under  15  inches  to  conceive  of  the 
tremendous  world  importance  of  this  research  problem  of  the 
Great  Basin. 

Concurrent  with  the  examination  of  these  research  prob¬ 
lems  the  Great  Basin  presents  problems  for  the  engineer,  of 
a  type  different  from  the  traditional  problems  of  the  build¬ 
er.  Drainage  for  alkali  becomes  a  problem  of  chemistry 
and  physics  quite  as  much  as  of  laying  tiles.  The  building  of  an 
irrigation  dam  carries  with  it  the  digging  of  canals,  and  a  system 
of  water  distribution  under  which  peaceful  and  prosperous  com¬ 
munity  life  may  be  developed.  Among  the  research  problems  of 
the  Great  Basin,  those  of  the  engineers  are  not  the  least.  The 
utilization  of  the  Colorado  River  outside  the  Great  Basin,  now 
under  discussion,  is  a  type  of  the  problems  which  the  Great  Basin 
presents  to  the  engineer,  who  must  be  prophet,  engineer,  and  expert 
in  community  building. 

While  hundreds  of  millions  of  dollars  worth  of  metals,  coal  and 
other  valuable  minerals  have  been  taken  out  of  the  Great  Basin, 
the  mining  industry  is  only  in  its  beginning.  The  future  of  mining 
in  the  Great  Basin  depends  on  extensive  scientific  research.  Meth¬ 
ods  must  be  devised  for  the  economical  recovery  of  metals  from 
low-grade  ores,  and  from  ores  essentially  different  from  those  for 
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which  methods  of  extraction  are  known.  The  vast  deposits  of  oil 
shale  must  be  made  a  source  of  gasoline  and  related  products.  The 
untouched  deposits  of  alunite  must  yield  potash  and  aluminum. 
Hundreds  of  other  products  need  the  development  of  methods  for 
making  them  commercially  profitable.  All  this  requires  scientific 
research  of  the  highest  order.  The  U.  S.  Bureau  of  Mines  is  mak¬ 
ing  a  beginning  in  this  direction,  and  the  Great  Basin  states  are 
making  small  appropriations  out  of  their  strained  purses  for  this 
purpose.  The  development  of  processes  for  the  utilization  of  the 
mineral  resources  of  the  Great  Basin  is  another  great  research 
problem,  in  which  the  “applied”  and  “pure”  scientist  may  find 
ample  play  for  their  ideals  and  methods. 

The  trappers  and  traders  who  first  came  into  the  Great  Basin 
were  lured  into  it  by  the  natural  instinct  for  adventure  that  lingers 
in  the  human  breast.  Since  that  day,  the  Far  West  has  held  out  to 
thousands  the  lure  that  the  sea  offered  to  earlier  generations.  Large 
numbers  of  the  race  are  born  pioneers.  They  like  to  strike  out  for 
themselves,  in  new  places,  and  to  win  their  own  empire  from  the 
untamed  forces  of  nature.  The  Great  Basin  and  the  Great  West, 
have  been  settled  by  such  men  and  women — perhaps  the  most  vig¬ 
orous  and  intelligent  of  our  country. 

Then,  historically,  the  foundations  of  civilization  in  the  Great 
Basin  were  laid  by  a  people  who  with  lofty  spiritual  ideals  sought 
in  the  wilderness  a  place  where  these  ideals  might  be  woven  into 
human  lives.  As  a  result  of  the  united  efifort  of  the  spiritual  work¬ 
er,  the  lover  of  conquest,  and  the  seeker  for  the  unknown,  a  sys¬ 
tem  of  life  has  been  wrought  out  in  the  desert  which  is  worthy  of 
the  most  careful  study.  Out  of  the  desert  has  come  the  beginnings 
of  an  empire,  holding  within  itself  every  device  of  modern  civi¬ 
lization.  How  was  it  done?  With  this  question,  the  Great  Basin 
offers  another  of  its  research  problems.  As  this  study  progresses, 
other  communities  may  find  much  help  in  the  solution  of  their  own 
problems.  So  recent  is  the  unique  and  successful  settlement  in 
the  Great  Basin,  that  the  scaffolding  and  foundations  of  the  build¬ 
ing  are  still  clearly  visible  to  the  mind  of  the  trained  searcher  after 
new  helps  in  the  building  of  a  more  satisfactory  world  in  economic 
and  social  results. 

I  may  not  go  too  far  ahead  if  I  say  that  the  proper  presentation 
to  the  nation  of  the  scenic  wonders  of  the  Great  Basin  is  a  true 


230 


GREAT  BASIN  PROBLEMS 


research  problem.  “Man  does  not  live  by  bread  alone.”  And  sure¬ 
ly  the  wonderful  beauty  and  majesty  of  the  scenery  of  the  Great 
Basin  are  words  from  the  mouth  of  God. 

A  drive  of  30  miles  from  where  we  now  sit  will  take  us  through 
Big  Cottonwood  Canyon  to  lake-dotted  Brighton,  in  the  top  of  the 
mountains.  The  trip  will  feed  the  soul  of  the  most  hardened  sci¬ 
entist.  A  few  miles  farther  would  take  a  person  through  American 
Fork  Canyon,  the  ruggedness  of  which  is  unsurpassed.  Cave  Tim- 
panogos,  with  its  thousands  of  limestone  formations,  is  worth  a 
day’s  journey.  Other  wonderful  canyons  are  all  about  us.  To 
witness  a  sunset  on  Great  Salt  Lake  is  an  experience  of  a  lifetime. 
And  the  desert  itself,  with  its  mystery,  once  it  touches  a  human 
soul,  is  never  forgotten.  To  live  through  the  night  under  the  open 
sky,  on  the  desert,  conscious  of  the  colors  and  the  sounds  and  the 
odors  of  the  desert,  will  turn  men’s  thoughts  back  to  that  greater 
mystery  of  life  which  every  scientist  must  recognize  in  every  really 
successful  endeavor. 

It  was  not  expected  that  a  catalogue  of  projects  would  be  here 
presented,  but  rather  that  some  of  the  research  groups,  drawn  from 
the  peculiar  nature  of  the  Great  Basin  might  be  touched  upon  for 
further  consideration. 

It  will  be  noted  that  our  first  research  problem  is  the  winning  of 
support  for  research  from  private  sources,  and  that  the  consequent 
research  will  be  drawn  from  the  peculiar  conditions  resulting  from 
the  prevailing  aridity,  the  immense  mineral  deposits  of  great  com¬ 
mercial  value,  and  the  existence  of  a  successful  modern  civiliza¬ 
tion  built  under  the  ditch. 

Research  is  a  prime  need  of  the  Great  Basin.  The  need  of  it 
must  be  taught  the  people.  The  results  that  will  come  from  syste¬ 
matic  research  in  the  Great  Basin  will  not  only  help  build  Great 
Basin  communities,  but  will  advance  greatly  the  boundaries  of  hu¬ 
man  knowledge. 
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FRAMEWORK  OF  ARIZONA  GEOLOGY 
By  Charles  Keyes 

Few  are  the  spots  of  earth  that  present  such  a  wealth  of  geologic 
phenomena  as  does  the  southwestern  United  States.  Greater  vari¬ 
ety  of  features  and  structures  manifest  themselves  crowded  togeth¬ 
er  in  small  spaces  than  perhaps  anywhere  else  on  the  face  of  our 
globe.  Almost  every  known  kind  of  geologic  process  appears  to 
find  expression  in  some  way  or  other.  Every  known  cause  of  geo¬ 
graphic  products  seems  to  have  been  in  operation.  Everything  geol¬ 
ogical  is  on  such  gigantic  scale  that  it  has  to  be  viewed  from  afar, 
from  distances  measured  in  miles  and  scores  of  miles,  in  order  to 
get  proper  perspective  of  relations. 

Essentially  a  country  especially  distinguished  for  its  mountains, 
the  dominant  physiographic  feature  of  Arizona  is  really  the  plain. 
It  is  above  this  general  plains-surface  that  the  mountains  tower. 
Noteworthy  is  the  fact  that  this  vast  plain  is  far  along  in  its  evo¬ 
lution  towards  the  foundations  below  which  land-depletion  can 
no  longer  go.  It  is  not  the  normal  peneplain  controlled  in  its 
downward  course  by  the  waters  of  the  ocean,  but  the  base-level 
of  eolic  erosion  which  is  quite  independent  of  the  sea. 

The  physiography  of  Arizona  is  broadly  divisible  into  three  prin¬ 
cipal  tracts :  ( 1 )  the  High  Plateau,  or  Colorado  Dome,  of  the 
northeast;  (2)  the  Bolson  Lowlands  of  the  southwest;  and  (3) 
a  broad  Dissected  Hill-land  Belt  between  stretching  out  diagonally 
across  the  state  from  southeast  to  northwest.  The  present  moun¬ 
tains  are  mainly  the  hard,  tilled  strata  from  which  the  associated 
soft  deposits  are  largely  removed  all  around  through  subaerial  ero¬ 
sion.  Volcanic  piles  everywhere  stud  the  surface. 

As  physiographic  features,  streams  are  inconsequential  in  this 
land  of  little  rain ;  and  the  chief  watercourse,  the  Rio  Colorado,  a 
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through-flowing  river,  is  notably  smaller  when  it  leaves  the  state 
than  when  it  enters  it. 

Because  of  the  relatively  small  exposure  of  the  old,  indurated 
rocks  in  the  narrow  desert  ranges  and  of  the  myriad  broad  belts  of 
intermontane  plain  out  of  which  bedrock  seldom  outcrops,  or  even 
peeps,  general  geological  mapping  of  the  normal  type  is  almost  im¬ 
possible.  It  will  be  long  before  intelligently  drawn  maps  reflect¬ 
ing  the  tectonic  expression  of  the  state  will  be  available.  In  this  re¬ 
gard  the  Government  maps  of  large  areas  with  their  vast  expanses 
of  intermontane  soils  are  little  better  than  none.  Along  with  those 
of  several  other  “Basin  Range”  provinces,  Arizona’s  general  map 
of  her  geological  formations  and  structures  are  likely  to  be  the  very 
last  in  the  procession  of  the  states  of  the  Union.  It  will  be  fifty  and 
mayhap  a  hundred,  years  before  passable  chartographic  represen¬ 
tations  can  be  made  generally  useful,  tectonically  expressive,  and 
scientically  soulful  enough  to  be  worth  while  publishing. 

Although  that  Titan  of  Chasms,  the  Grand  Canyon  of  the  Col¬ 
orado,  is  no  doubt  the  profoundest  gash  that  Earth’s  flesh  is  heir 
to,  opening  up  as  it  does  the  straticulate  cuticle  of  the  globe  to  the 
depth  of  more  than  a  mile,  the  rock-section  thus  laid  bare  is  by 
no  means  the  greatest,  the  completest,  or  the  most  imposing  which 
the  state  of  Arizona  affords.  Occupying  a  notably  strategic  posi¬ 
tion  in  the  stratigraphic  economy  of  the  continent,  Arizona’s  geo¬ 
logical  history  should  be  studied  with  that  of  its  neighbor  New 
Mexico,  as  two  parts  of  one  history,  since  the  two  states  cover  the 
flanks  of  the  continental  divide. 

For  a  full  century  failure  results  from  attempts  to  correlate  by 
lithologic  continuity,  or  similarity  of  lithologic  sequence  the  ter- 
ranal  successions  on  the  two  sides  of  the  American  continent.  The 
Rocky  Mountains  impose  a  wide  and  seemingly  impassible  break 
that  utterly  baffles  all  efforts  to  match  sections  across  the  uplift. 
Repeated  uprisings,  peneplanation  of  the  region  for  twenty-five 
successive  times  since  the  beginning  of  the  Paleozoic  times,  all  but 
completely  obliterate  every  vestige  of  the  sedimentaries.  The 
scheme  of  masquerading  instead  of  bridging  the  broad  gap  by  in¬ 
troducing  a  nomenclature  on  the  west  side  entirely  different  from 
that  so  familiar  on  the  east  side  confuses  rather  than  clarifies  the 
situation. 

But  if  the  stratified  succession  cannot  be  carried  over  the  moun- 
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tains  it  is  possible  perhaps  to  trace  it  around  them,  for  the  Rockies 
sharply  terminate  near  the  southern  Colorado  boundary  .  Correla- 
tively,  then,  the  general  geological  sections  of  New  Mexico  and 
Arizona  become  the  most  important  and  most  illuminating  of  any 
on  the  continent.  The  one  is  recently  presented ;  the  other  is  here 
outlined.  To  those  who  are  familiar  with  the  stratigraphy  of  the 
Continental  Interior  these  sections  present  no  very  serious  diffi¬ 
culties;  but  the  geology  of  the  Southwest  is  usually  attacked  by 
those  who  never  worked  in  the  Mississippi  Valley. 

Although  many  of  the  minor  relief  features  of  the  region  are  no 
doubt  partly  or  wholly  water- formed,  the  general  facial  expression 
of  the  country  is  distinctly  a  kind  little  observed  in  the  pluvial  lands 
with  which  most  of  us  are  most  familiar.  The  larger  contrasts  of 
surface  relief  must  now  be  regarded  as  mainly  wind-graved.  Once 
clearly  discriminated  wind-sculptured  topography  is  seldom  mis¬ 
taken  for  any  other  sort.  Its  individuality  is  as  strong  as  it  is  strik¬ 
ing.  Wind-beveled  surfaces  are  smoother  than  water-formed 
plains  possibly  can  be.  The  rock-floors  which  characterize  so  many 
desert  plains  are  phenomena  as  novel  as  they  are  unexpected.  Des¬ 
ert  ranges  rising  out  of  a  sea  of  earth  about  impart  characteristic 
form  to  the  enisled  landscape.  It  is  the  inselherglandschaft  of  the 
Germans  on  South  Africa  veldt.  The  girdled  mountain  attests  the 
vigor  of  natural  sand-blast  action,  and  its  maximum  effectiveness 
is  always  at  the  plains  line.  Plateau  plains  of  the  desert  manifestly 
represent  former  levels  of  the  general  plains-surface.  The  notable 
absence  of  foothills  around  the  mountain  bases  appears  to  be  an 
idiosyncracy  of  arid  lands. 

Throughout  the  world  gradation  and  planation  usually  pro¬ 
ceeds  from  the  higher  to  the  lower  levels.  Arid  planation,  how¬ 
ever,  takes  place  uphill  as  well  as  downhill.  Antigravitational 
gradation  is  unknown  where  streams  corrade.  High  gradients  of 
the  intermontane  plains  and  the  strong  pitch  of  valley  axes  which 
are  displayed  on  every  hand  are  not  possible  in  regions  where  wa¬ 
ter-action  is  directly  the  reverse  of  plains  forming.  Of  minor  relief 
features  now  attributable  to  wind-abrasion  in  the  lands  of  little 
rain,  there  are  a  multitude  that  are  commonly  ascribed  to  normal 
corrasion,  but  which  can  never  have  known  the  touch  of  stream. 
Upon  all  these  the  wind  marks,  when  once  pointed  out,  are  unmis¬ 
takable. 
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The  high  points  in  Arizona  stratigraphy  are  the  segregation  of 
all  of  the  resistant  rocks  in  the  lower  part  of  the  geological  column, 
and  of  all  the  weak  deposits  in  the  upper  portion,  the  possible  com¬ 
plete  absence  of  the  Archeozoic  sediments,  the  great  development 
of  the  Proterozoic  strata,  the  relative  scantiness  of  the  early  Pal¬ 
eozoics,  the  full  representation  of  the  late  Paleozoics,  and  the  gen¬ 
eral  absence  of  Mesozoic  formations  except  in  the  extreme  north¬ 
east  and  southeast. 

The  basal  complex  of  the  Azoic  rocks  consists  mainly  of  banded 
and  contorted  schists,  slates  and  gneisses  in  great  variety.  In  the 
bottom  of  the  Grand  Canyon,  where  these  rocks  are  designated  the 
Vishnu  Schists,  the  lithologic  variety  is  slight;  but  in  the  Tonto 
Basin,  in  central  Arizona,  many  types  are  represented.  Here  the 
principal  types  consist  of  sericitic  schists,  greenstone  schists,  he- 
matitic  schists,  hornblendic  schists,  quartzitic  schists,  brown,  red, 
and  gray  slates,  schistose  sandstones  and  conglomerates,  laminated 
dolomites  and  red  cherty  or  jaspery  beds,  schistose  granites,  dio- 
rites,  rhyolites,  and  other  igneous  masses,  and  biotitic  geneisses. 
All  of  these  are  cut  by  perfectly  unaltered  granites,  diorites,  peg¬ 
matites  and  numerous  basic  intrusives,  representing  a  time  long 
subsequent  to  the  date  of  the  regional  metamorphism. 

For  these  oldest,  thoroughly  crystalline  masses  the  designation 
Azoic  is  most  fitting.  As  an  alternative  title  Archean  is  the  least 
objectionable.  But  special  geographic  names,  as  Vishnu  Schists, 
Pre-Beltian  eruptives,  Pinal  Schists,  and  the  like,  titles  covering 
the  entire  aggregation  which  really  has  eral  rank,  are  clearly  out  of 
place  and  utterly  meaningless.  Nor  can  any  of  these  terms  be 
properly  used  since  Blake  early  designation,  Arizonia  slates,  has 
priority  by  many  years.  The  only  geographic  names  available  for 
the  subdivisions  are  those  designating  the  local  petrographic  types 
when  these  shall  have  been  properly  determined  and  their  respec¬ 
tive  areas  have  been  carefully  bounded. 

East  of  the  Arizona  boundary,  at  the  southern  end  of  the  Rocky 
Mountains,  in  northern  New  Mexico,  the  pre-Cambrian  rocks  pre¬ 
sent  three  grand  successions  which  are  distinguishable  from  one  an¬ 
other  according  to  the  amount  of  metamorphism  which  they  have 
undergone.  In  Arizona  only  the  earliest  and  latest  of  these  three 
sections  are  yet  recognizable.  Possibly  the  median  Archeozoic  as¬ 
semblage  is  present,  and  it  may  be  found  merged  with  either  of  the 
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other  two.  The  Archeozoics  may  also  be  conspicuously  represented 
by  the  unaltered  granites,  diorites  and  other  plutonic  masses  which 
everywhere  intrude  the  most  ancient  crystalline  schists,  and  togeth¬ 
er  with  the  latter  are  sharply  cut  off  by  the  unconformity  plane  at 
the  base  of  the  Proterozoic  clastic  column. 

Analysis  of  Arizona’s  general  rock-section  gives  clue  to  the  de¬ 
velopment  and  meaning  of  the  great  pre-Cambrian  sequences  of 
sediments  which  especially  distinguish  the  Little  Belt  and  Selkirk 
mountains  far  to  the  north.  That  these  old  strata,  as  they  are 
developed  beyond  the  southern  extremity  of  the  Rocky  Mountains, 
have  never  received  the  attention  that  they  merit,  is  as  true  of 
Arizona  as  it  is  of  New  Mexico.  Although  the  Grand  Canyon 
section  of  the  pre-Cambrian  sediments  is  not  so  important,  those 
of  the  central  part  of  the  state,  as  recently  disclosed  in  the  Cata¬ 
lina  and  Mazatzal  Mountains,  compare  favorably  in  magnitude, 
variety,  and  excessive  thickness,  with  the  prodigious  developments 
of  British  Columbia.  Whether  Arizona  rocks  resolve  themselves 
into  the  same  great  successions  reserved  for  them  in  other  parts 
of  the  continent  remains  to  be  determined.  The  general  perspec¬ 
tive  is  certainly  no  more  perplexing  than  was  that  of  the  Transi¬ 
tion  (Paleozoic)  rocks  of  England  a  century  ago.  Today  the 
basal  part  of  this  sedimentary  column  offers  the  most  promising 
field  of  endeavor  for  new  and  large  results  that  the  world  affords 
in  stratigraphy,  novelty,  and  backward  extension  of  the  sedimen¬ 
tary  record  into  the  gulf  of  time. 

Proterozoic  sediments  with  little  signs  of  alteration  from  the 
original  induration  find  tremendous  development  in  the  Arizona 
area.  A  thickness  of  between  two  and  three  miles  is  already 
known ;  and  it  is  probable  that  ultimately  the  column  will  expand 
to  several  times  this  measurement.  Several  lithologic  segregations 
are  differentiatable,  but  the  serial  and  periodic  groupings  still  re¬ 
main  to  be  exactly  delimited.  The  rocks  of  this  age  are  mainly 
sedimentaries.  Since  they  are  pre-Cambrian  in  age  they  are  fre¬ 
quently  alluded  to  as  Algonkian.  But  the  latter  title  is  now  so 
Very  elastic  that  it  really  means  nothing.  As  originally  proposed 
the  term  covers  all  pre-Cambrian  sedimentaries,  under  the  mis¬ 
conception  that  the  beds  form  a  circumscribed  sequence  every¬ 
where  overlying  the  primeval  crystalline  complex. 

Tentatively,  at  least,  the  periodic  subdivisions  may  be  advan- 
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tageously  compared  with  the  groupings  so  apparent  in  the  north, 
in  British  Columbia.  ‘Eventually  the  terms  Chuar  and  Unkar  will 
have  to  give  way  and  be  dropped,  as  the  true  serial  relations  of  the 
sequence  are  revealed.  The  latest  Proterozoic  and  the  earliest 
Cambric  times  are  believed  to  be  unrepresented  by  sediments  in 
the  Arizona  region  . 

Notwithstanding  the  fact  that  the  Grand  Canyon  section  of 
the  Proterozoic  strata  is  the  first  to  be  divided  and  the  several 
members  given  special  geographic  designations,  it  is  not  probable 
that  this  sequence  will  ultimately  remain  the  standard  one  for  the 
state.  The  thick  succession  of  the  Mazatzal  Mountains  in  the  cen¬ 
tral  part  of  the  state  is  more  clearly  defined,  more  complete,  and 
more  extensive,  and  its  subdivisions  will  thus  take  precedence. 

In  order  to  vizualize  properly  the  Arizona  Paleozoics  it  turns 
out  that  they  all  have  to  be  adjusted  to  an  old  unconformity 
plane  at  the  base  of  the  Devonic  section.  This  is  best  accomplished 
not  in  the  Grand  Canyon  but  elsewhere.  In  the  Grand  Canyon 
section  Newberry,  so  early  as  1861,  declared  Devonic  beds  to  be 
present,  yet  it  is  not  until  long  afterwards  that  the  actual  finding 
by  Walcott  of  unquestionable  fossils  of  this  age  places  the  actual 
occurrence  beyond  peradventure.  But  the  Devonic  sediments  of 
this  locality  are  discovered  to  fill  only  shallow  swales  and  pockets 
in  the  tops  of  the  eroded  Cambric  formations.  The  stratigraphic 
significance  of  the  observed  features  and  the  basal  hiatus  are  usu¬ 
ally  entirely  overlooked  and  are  unevaluated. 

Thin  as  is  the  Devonic  section  in  the  Grand  Canyon,  and  incon¬ 
sequential  as  seems  the  local  discordance  in  sedimentation  there, 
the  latter  horizon  proves  to  be  one  of  the  most  important  uncon¬ 
formities  in  the  entire  region  and  of  the  whole  Paleozoic  section. 
Even  at  the  point  at  which  the  Siluric  limestones  begin  to  appear 
in  the  eastern  part  of  the  state  under  the  Devonic  beds,  there  is  evi¬ 
dently  missing  at  least  three  great  rock  series,  the  time  equivalency 
of  which  perhaps  surpasses  the  span  of  the  entire  Devonic  Period. 
This  seeming  insignificant  discordance  in  sedimentation  in  the 
Grand  Canyon  is,  therefore,  thrice  one  of  major  consequence. 

Recognizing  the  prime  stratigraphic  significance  of  the  uncon¬ 
formity  at  the  base  of  the  Devonic  succession,  and  platting  the 
other  formations  around  this  central  line  in  vertical  section'  (plate 
xvii),  the  various  Paleozoic  terranes  heretofore  illy  correlated 
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throughout  the  area  of  Arizona  fall  easily  into  satisfactory  place 
like  so  many  dominoes.  Not  a  single  incongruous  element  reveals 
itself.  It  is  further  demonstrated  that  the  great  Aubreyan  series 
of  limestones,  which  in  the  southern  Rocky  Mountains  rests  di¬ 
rectly  upon  the  pre-Cambrian  crystallines,  is  laid  down  upon  an  old 
peneplanal  surface,  which  to  the  southwest  bevels  all  the  various 
Paleozoics  down  to  Cambric  levels.  Thus,  the  Cambric,  Ordovicic, 
Siluric,  Devonic  and  Mississippian  rocks  must  have  originally  ex¬ 
tended  over  the  southern  Rocky  Mountain  tract,  and  hence  this 
area  could  not  have  been  a  continental  island  throughout  all  the 
long  span  of  Paleozoic  time,  as  is  so  often  urged. 

Fully  one-half  of  Cambric  time  in  southwestern  United  States 
is  unrepresented  by  deposition.  All  of  the  Early  Cambric,  and  a 
considerable  portion  of  Mid  Cambric  sediments,  are  missing;  and 
a  major  unconformity  marks  the  base  of  the  Paleozoic  section  of 
this  region.  The  Cambric  sequence  of  the  Grand  Canyon,  to  which 
sole  attention  is  usually  given,  is  very  incomplete.  There  are  en¬ 
tire  provincial  series  missing  at  the  top,  doubtless  once  present 
here,  as  they  now  are  in  the  southeastern  part  of  the  state,  in 
the  Chiricahua  Range,  but  long  since  removed  through  erosion, 
and  perhaps  peneplanation,  during  Ordovicic  and  Siluric  times. 

Proneness  to  give  new  sets  of  names  to  the  rocks  of  every  min¬ 
ing  camp  results  in  a  copious  and  tedious  synonomy  among  forma- 
tional  titles  without  the  compensatory  advantages  of  careful  delimi¬ 
tation,  and  the  terranes  themselves  thus  escape  close  correlation. 
Owing  to  neglect  to  take  into  account  the  terranal  significance  of 
the  later  epochs  of  erosion  suggested  parallelism  of  the  several 
Cambric  formations  is  mainly  erroneous  and  badly  needs  a  new 
start  with  something  more  than  flimsy  reconnaissance  as  a  basis. 

Cambric  serial  terminology  of  New  Mexico  is  strictly  applic¬ 
able  to  Arizona.  Both  states  have  many  included  formations  yet 
unnamed. 

Ordovicic  rocks  are  poorly  represented  in  Arizona  land.  They 
are  now  absent  over  all  the  central  part  of  the  state.  They  may 
have  once  spread  over  an  ancient  Colorado  Dome,  but  if  they  did, 
all  concrete  evidences  of  the  circumstance  are  now  removed,  be¬ 
cause  of  the  prodigious  erosion  and,  possibly,  peneplanation  of 
the  region  in  times  immediately  preceding  the  Siluric,  and  also  the 
Devonic  Periods.  In  the  eastern  part  of  the  state  about  400  feet 
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of  limestones,  representing  Early  and  Late  Ordovicic  times,  are 
present.  They  are  known,  in  the  Clifton  District,  as  the  Longfel¬ 
low  limestones,  and  the  Armedaris  limestones  that  extend  west¬ 
ward  from  New  Mexico.  The  two  rock  series  are  separated  from 
each  other  by  a  notable  unconformity,  which  may  stand  for  all  Mid 
Ordovicic  time;  and  at  the  top  and  the  bottom  by  like  sedimental 
breaks  from  other  formations. 

Over  the  boundary  to  the  east,  in  New  Mexico,  the  Longfellow 
limestones  and  associated  beds  of  Late  Ordovicic  age  form  the 
Mimbresian  Series.  This  is  not  the  Mimbres  limestone  of  later 
usage  in  the  Government  reports,  which  really  comprises  a  curious 
medley  of  undifferentiated  strata  that  are  now  known  to  cover 
sediments  of  several  geological  ages,  Siluric,  Ordovicic,  Cam¬ 
bric  and  possibly  others. 

Rocks  of  Siluric  age  seem  not  to  be  generally  recognized  in 
Arizona  State.  None  of  the  numerous  Government  reports  make 
mention  of  them.  This  is  all  the  stranger  since  many  good  expo¬ 
sures  carrying  abundant  characteristic  fossils  occur  not  only  in 
this  state,  but  just  over  the  line,  in  New  Mexico,  where  they  are 
reported  for  more  than  half  a  century.  More  than  twenty  years 
ago,  also,  Reagan  collected  many  of  the  most  typical  Siluric  forms 
of  organic  remains  from  limestones  northeast  of  Globe,  in  the  Salt 
River  valley ;  and  he  there  measured  70  feet  of  cherty  limestones 
which  yielded  these  species. 

The  several  members  of  the  Siluric  section,  as  differentiated  and 
named  in  New  Mexico  recently,  seem  to  persist  without  notable 
change  into  eastern  Arizona.  Westward  from  the  boundary  the 
sequence  rapidly  becomes  attenuated  and  fails  altogether  long  be¬ 
fore  the  Grand  Canyon  is  reached.  Possibly  layers  of  Siluric  age 
are  represented  in  the  upper  part  of  the  Longfellow  limestones  in 
the  Clifton  District,  and  also  of  the  Mescal  limestones  of  the  Globe 
District. 

Notwithstanding  the  fact  that  it  was  severely  limited  in  its  orig¬ 
inal  deposition  and  by  subsequent  erosion  before  Carbonic  times 
set  in,  the  Devonic  terranes  of  Arizona  are  among  the  most  impor¬ 
tant  stratigraphic  units.  They  extend  unbrokenly  entirely  across 
the  state  from  the  southeast  corner  to  the  northwest  corner.  Only 
Late  Devonic  time  appears  to  be  represented  by  these  sediments. 
They  recline  on  a  peneplanation  surface  that  was  as  long  in  form- 
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ing  as  was  the  duration  of  the  Devonic  Period  itself.  This  old  land 
surface  bevels  alike  the  Siluric,  Ordovicic,  Cambric  and  Proter¬ 
ozoic  strata ;  and  in  many  places  the  entire  Paleozoic  section  is  re¬ 
moved.  So,  inconspicuous  as  it  is  in  some  localities,  it  stands  for 
another  one  of  the  major  unconformities  of  the  region. 

There  is  some  slight  change  to  be  made  in  correlation  of  the 
New  Mexico  section  with  that  of  Arizona,  as  recently  disclosed 
by  close  examination  of  the  country  lying  between  Lake  Valley 
and  Globe.  The  Berenda  limestone  of  New  Mexico  is  probably 
unrepresented  in  Arizona.  The  Martinian  series  of  limestones 
now  seems  to  underlie,  and  not  overlie,  the  Perchan  series  of 
shales.  The  Martinian  succession  being  regarded  as  holding  seri¬ 
al  rank  leaves  its  several  members  without  names.  If  Morenci 
is  to  be  preserved  as  a  formational  title  its  application  might  be  re¬ 
stricted  so  as  only  to  cover  the  nethermost  limestones  of  Devonic 
age  as  exposed  at  Morenci  and  Clifton. 

In  the  Grand  Canyon  the  lower  part  of  the  familiar  Red  Wall 
limestone,  as  it  is  originally  designated  by  Gilbert,  proves  to  be  De¬ 
vonic  in  age ;  and  the  evidences  of  unconformity  with  the  overlying 
strata  are  almost  impossible  to  detect. 

Carbonic  strata  constitute  the  great  limestone  formation  of  the 
state.  Two  thick  piles  of  massive  calcareous  beds  are  separated  by 
an  extensive  shale  sequence;  and  a  great  shale  section  caps  the 
column.  Altogether  these  beds  attain  a  thickness  of  more  than 
5000  feet.  Five  provincial  series  of  terranes  are  now  discernable. 
When  full  correlations  with  the  similar  successions  of  other  parts 
of  the  continent  are  completed  these  may  resolve  themselves  into 
several  additional  ones. 

The  breaks  in  sedimentation  are  numerous  in  the  Carbonic  col¬ 
umn  ;  and  taken  all  together  these  intervals  doubtless  bridge  a  time- 
span  which  fully  equals  that  of  the  deposition. 

Early  Carbonic  rocks  are,  so  far  as  now  known,  mainly  lime¬ 
stones.  So  compact  and  uniform  is  the  section  that,  until  quite 
recently,  they  appear  undifferentiable  into  formations.  Their 
characteristic  aspect  is  the  familiar  Red  Wall  limestone  of  the 
Grand  Canyon.  In  this  locality  there  are  few  organic  remains. 

Away  from  the  Titan  of  Chasms  the  Red  Wall  limestone  vir¬ 
tually  teems  with  fossils  in  places,  and  the  several  faunas  distin¬ 
guished  are  as  varied,  and  as  sharply  contrasted  as  are  those 
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from  beds  of  the  same  geologic  age  elsewhere.  One  familiar  with 
the  organic  remains  of  the  Carbonic  rocks  of  the  Mississippi  Val¬ 
ley  finds  himself  as  much  at  home  in  these  rocks  in  Arizona  as  he 
does  in  Missouri  or  Iowa.  Every  fossil  that  he  picks  up  he  exactly 
matches  with  one  from  the  distant  Ozarks.  Not  a  single  new  face 
presents  itself.  The  paleontological  reports  of  Iowa  Missouri  and 
Illinois  might  just  as  well  have  been  written  in  Arizona.  Chief 
reason  why  collectors  in  this  region  are  not  set  aright  by  their  Mis¬ 
sissippi  volumes  is  that  they  search  for  their  subjects  nowhere  else 
than  on  the  Canyon’s  brink,  which,  for  some  unaccountable  cause, 
is  the  most  unfavorable  spot  for  such  work  in  the  whole  Southwest. 

When,  as  a  distinctively  descriptive  title,  the  term  Red  Wall  Lime¬ 
stone  first  appeared  in  geological  literature,  a  designation  suggest¬ 
ed  by  Gilbert  in  1875,  the  age  of  the  formation  is,  already  20  years 
before,  correctly  determined  by  Marcou  and  by  Newberry  to  be 
Early  Carbonic.  In  long  years  afterwards  a  side-canyon  is  espe¬ 
cially  dignified  with  the  title  of  the  Red  Wall  Canyon,  and  the 
formation  is  regarded  as  having  its  type-locality  here;  but  this 
surely  is  stretching  the  canons  of  nomenclature  to  breaking  point. 

Of  late  it  becomes  customary  to  speak  of  the  Red  Wall  rocks 
and  their  correlations  in  the  West  as  the  Mississippian  unit,  sig¬ 
nifying  thereby  that  they  occupy  all  of  the  Early  Carbonic  inter¬ 
val.  But  the  Red  Wall  section  is  not  the  so-called  Mississippian 
section,  completely  spanning  Early  Carbonic  time.  As  indicated 
by  the  faunas  the  western  rocks  cover  only  the  middle  portion  of 
the  Early  Carbonic  succession  of  the  Mississippi  Basin.  They  em¬ 
brace  only  the  exact  section  to  which  Winchell  originally  gave  and 
restricted  the  title  of  “Mississippi  Limestone  Series.” 

Above  this  median  and  typical  Mississippian  section  of  Early 
Carbonic  strata  in  the  Mississippi  Valley  is  another  sequence 
known  as  the  Tennessean  Series,  a  title  which  covers  those  sedi¬ 
ments  carrying  faunas  which  originated  not  in  the  West  but  in  the 
Southeast.  This  is  a  subdivision  that  is  especially  stressed  both 
by  Schuchert  and  by  Ulrich. 

Below  the  median  section  is  the  basal  Waverleyan  Series,  whose 
company  of  faunas  may  have  closely  followed  the  Hungerfordian 
fauna,  which,  originally,  starting  from  its  homeland  in  central  Asia, 
tarried  awhile  in  Arizona  and  then  in  Iowa  on  its  way  to  New 
York,  and  on  around  the  world.  The  median  faunas  also  appear 


FRAMEWORK  OF  ARIZONA 


243 


to  have  migrated  directly  from  the  Southwest  into  the  Mississippi 
Valley. 

These  aspects  of  the  faunal  sequence  in  the  Early  Carbonic  sedi¬ 
ments  of  the  Continental  Interior  are  sharply  reflected  in  the  ver¬ 
tical  and  areal  distributions  of  the  most  characteristic  class  of  the 
crinoids.  Bearing  on  this  point  a  table  of  the  genera  represented 
is  particularly  instructive.  The  principle  involved  appears  to  be 
widely  applicable  to  the  other  animal  groups. 

Judging  from  certain  lithologic  changes  in  the  Red  Wall  sec¬ 
tion  at  El  Tovar  and  vicinity  and  the  relative  thicknesses  of  the 
separate  sections  elsewhere  in  the  Southwest,  there  should  be  about 
100  feet  of  the  Chouteau  division,  300  feet  of  the  Burlington  ter- 
rane,  and  150  feet  of  the  Keokuk  limestone  represented  in  the 
Grand  Canyon  walls. 

When  the  Red  Wall  limestone  of  Arizona  shall  have  been  care¬ 
fully  exploited  for  fossils,  and  the  faunal  zones  shall  have  been 
made  out  it  is  not  impossible  that  the  Grand  Canyon  section  will 
be  found  to  be  fully  as  sharply  differentiated  into  a  three-fold 
sequence  as  are  the  corresponding  sections  exposed  in  the  Missis¬ 
sippi  Valley. 

The  terrane  carrying  the  Chouteau  fauna,  and  here  designated 
the  Simon  limestone,  is  well  displayed  in  the  Chiricahua  Moun¬ 
tains,  especially  above  the  Cochise  Consolidated  Copper  Mine  over¬ 
looking  the  San  Simon  bolson.  The  Truxton  division,  with  the 
Burlington  fauna,  is  exposed  in  full  development  in  the  Grand 
Wash  Cliffs  and  the  Yampai  Cliffs  northeast  of  the  Needles,  as 
well  as  in  the  Chiricahua  Mountains,  and  especially  at  Lake  Val¬ 
ley,  in  New  Mexico.  Elden  beds,  yielding  the  Keokuk  fauna, 
outcrops  at  Elden  east  of  Flagstaff,  and  at  Marble  Hill  to  the 
north. 

In  its  general  aspects  the  Mid  Carbonic  section  of  Arizona  is 
not  so  very  different  from  the  standard  American  section  of  the 
Mississippi  Valley.  The  lithologic  resemblances,  the  terranal  suc¬ 
cession,  and  the  faunal  idiosyncracies  are  so  closely  paralleled  in 
the  two  regions  that  there  should  really  be  nearer  stratigraphic 
comparisons  that  it  is  customary  to  make. 

Shore  deposits  comprising  sandstones  and  shales,  at  the  bottom, 
extensive  and  massive  sandstones  in  the  middle,  and  open-sea 
beds,  including  limestones  chiefly,  at  the  top,  characterize  both 
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regions.  If  the  two  are  considered  together,  as  parts  of  a  single 
province,  the  Supaian  succession  would  then  correspond  to  the 
Productive  coal  measures  of  the  East  —  probably  representing 
the  thick  Arkansan  series  on  the  south  side  of  the  Ozarks.  Al¬ 
though  the  typical  Supaian  section  of  the  Grand  Canyon  region 
does  not  afford  workable  coal  deposits  and  even  presents  few 
traces  of  the  mineral  fuel,  deposits  of  good  coal  actually  occur  in 
the  southeastern  part  of  the  state,  in  the  Chiricahua  Mountains,  as 
first  announced  by  Dumble  many  years  ago,  a  fact  indicating 
that  the  formation  is  really  part  of  the  Coal  Measures. 

The  remnantal  coal  measures  of  the  Chiricahua  District  have 
a  counterpart  in  New  Mexico  where,  northeast  of  Socorro,  isolat¬ 
ed  patches  of  coal  and  associated  measures  containing  typical  coal 
plants  are  known  as  the  Alamito  shales.  Doubtless  these  coal 
measures  were  once  extensively  developed  in  the  Southwest;  but 
the  tremendous  peneplanation  which  this  region  suffered  imme¬ 
diately  before  the  great  limestone  formations  were  laid  down 
swept  away  all  but  a  few  lingering  traces. 

The  Aubreyan  series  of  limestones,  a  thousand  feet  or  more  in 
thickness,  constitutes  the  chief  surface  rock  of  the  Colorado  Dome. 
The  section  becomes  thicker  towards  the  east,  until,  in  eastern 
New  Mexico,  it  attains  in  the  Hueco  limestone  a  measurement  of 
over  3,000  feet.  This  giant  plate  of  limestone  flanks  the  southern 
Rocky  Mountains.  In  Kansas  it  is  probably  approximately,  if 
not  exactly,  represented  by  the  interbedded  limestones  and  shales 
composing  the  Missourian  and  Oklahoman  series.  If  so,  it  is 
traceable  quite  to  the  Mississippi  River.  To  the  westward  of 
Arizona  this  limestone  extends  far  into  Nevada  where  it  assumes 
different  names. 

The  minor,  or  formational,  units  are  probably  as  well  exhibited 
in  the  Grand  Canyon  as  anywhere  else  in  the  region. 

The  Aubreyan  limestone  plate  seems  to  rest  at  the  Grand  Can¬ 
yon  in  strict  conformity  upon  the  beds  beneath.  No  other  rela¬ 
tions  are  recorded.  Appearances  here  are  somewhat  deceptive. 
In  reality  a  notable  hiatus  exists  at  the  base  of  this  series.  An  ‘ 
erosional  interval  becomes  more  and  more  noticeable  to  the  east¬ 
ward  until  all  of  the  Paleozoics,  Proterozoics,  and  Archezoics  are 
brought  into  touch  with  it.  Such  erosion  is  not,  perhaps,  on  so 
vast  a  scale  as  at  first  sight  might  appear,  since  other  orographic 
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movements  and  other  planation  activities  doubtless  were  repeat¬ 
edly  in  operation  before.  Despite  the  circumstance  that  this  ero¬ 
sion  might  have  gone  on  simultaneously  with  copious  deposition 
elsewhere,  the  fact  remains  that  the  extent  and  location  of  this 
hypothetical  sedimentation  are  not  yet  determined. 

The  Moenkopian  red  beds  series  consists  mainly  of  alternating 
shales  and  sandstones.  Because  of  their  striking  coloration  the 
formations  are  sometimes  regarded  as  Triassic  in  age  and  some¬ 
times  Permian.  Ward’s  title  is  taken  from  the  Moenkopi  Wash, 

in  the  lower  valley  of  the  Little  Colorado  River.  The  sequence 

\ 

is  well  described  by  him  and  the  subdivisions  which  he  differen¬ 
tiated  appear  to  constitute  good  terranes.  The  names  here  applied 
are  selected  from  localities  in  the  neighborhood  where  the  respec¬ 
tive  formations  are  fully  exposed.  Ward’s  descriptions  are  also 
summarized  by  Gregory,  but  no  special  designations  are  given. 

This  series  of  red  beds  may  be  comparable  to  either  the  Ber- 
nallian  shales,  or  the  Cimarronian  shales  of  New  Mexico,  the 
Guadalupian  limestones  not  extending  into  Arizona.  It  is  most 
likely,  however,  that  exact  and  final  parallelism  will  show  that  the 
Moenkopian  section  is  very  nearly  the  precise  stratigraphic  equiv¬ 
alent  of  the  Bernallian  series ;  in  which  case  two  great  Carbonic 
series  are  not  represented  in  the  west. 

For  reasons  recently  stated  ^  at  some  length  the  Russian  title 
of  Permian  for  any  Arizona  terranes  is  inappropriate,  uncertain 
and  best  dropped. 

If,  in  Arizona,  there  be  missing  two  great  serial  successions  of 
the  Carbonic  rocks,  the  Guadalupian  and  the  Cimarronian,  there 
are  also  absent  two  more  adjoining  series  of  the  general  column, 
together  representing  two-thirds  of  Triassic  time.  The  strati¬ 
graphic  hiatus  which  exists  in  the  middle  of  the  red  beds  on  the 
Colorado  Dome  is,  therefore,  a  major  break  covering  an  erosional 
interval  of  long  duration  and  involving  mayhap  complete  pene- 
planation  of  not  only  the  general  region  but  of  the  country  far 
around.  Treatment  of  the  red  beds  as  all  of  the  same  age  is 
evidently  the  direct  occasion  for  all  the  confusion  and  uncertainty 
which  have  so  long  existed  concerning  them. 

For  the  subdivision  of  these  red  beds  Ward  makes  very  satis¬ 
factory  units  and  units  that  well  express  the  course  of  the  geologi- 

1  This  journal,  Vol.  XXXVIII,  p.  147,  1922. 
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cal  history.  With  sorne  inconsequential  changes  the  divisions  are 
designated  by  geographic  names  that  are  widely  known  in  the 
region.  The  recently  proposed  title,  Chinle  Formation,  for  the 
entire  succession  is  unfortunate ;  and  besides  this  term  is  an  exact 
synonym  of  Dolores  Formation  of  the  neighboring  parts  of  Colo¬ 
rado.  Were  it  not  for  this  fact  Gregory’s  name  might  be  pos¬ 
sibly  retained  as  a  serial  title. 

The  lower  portion  of  the  Triassic  section  is  the  part  which 
yields  the  silicified  woods  so  abundantly,  for  which  reason  it  is 
designated  by  Ward  the  Lithodendron  Member.  Petrified  forests 
occur  also  at  other  horizons,  so  that  this  title  is  not  really  distinc¬ 
tive. 

Jurassic  rocks  in  northern  Arizona  form  the  grandest,  most 
curiously  wrought,  and  gorgeously  colored  relief  features  on  the 
face  of  the  earth.  Painted  Desert,  Pictured  Cliffs,  Rainbow  Can¬ 
yon,  and  Vale  of  Fire,  are  only  a  few  of  the  many  local  names 
expressing  the  unmatched  character  of  the  scenery.  Thick,  mas¬ 
sive  sandstones  form  long  lines  of  lofty  cliffs  across  the  deserts, 
or,  when  detached,  pass  into  gigantic  battlements,  unscalable  pin¬ 
nacles,  and  cathedral  spires  that  in  the  distance  impress  one  with 
the  approach  to  some  great  and  populous  city.  There  are  no 
architectural  masterpieces  on  the  globe  that  at  all  compare  with 
these  natural  structures. 

The  four  terranal  units  that  compose  the  succession  aggregate 
more  than  2,000  feet  in  thickness.  The  basal  Wingate  sandstone 
is  well  described  and  pictured  by  Dutton.  Todilto  is  Gregory’s 
name.  Navajo,  as  a  formational  title,  is  preoccupied;  and  if  the 
name  La  Plata  is  to  be  preserved  it  should  apply  to  the  upper 
great  sandstone.  The  serial  term  Zunian  is  also  Dutton’s  desig¬ 
nation. 

The  Early  Cretacic  section  of  southern  United  States  and  north¬ 
ern  Mexico,  designated  by  Hill  as  the  Comanchan  series,  finds 
perhaps  maximum  development  in  southeastern  Arizona  and 
northern  Sonora,  and  presents  a  terranal  pile  more  than  a  mile  in 
height.  Despite  its  disguise  under  totally  new  and  uncorrelatable 
nomenclature,  the  Bisbee  section  is  readily  paralleled  with  that 
commonly  recognized  in  central  Texas. 

Of  the  half  dozen  terranes  distinguishable  in  the  state  the  Co¬ 
chise  sandy  limestone  (or  lower  part  of  the  Mural  limestone  of 
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Ransome)  is  not  reported  from  the  eastern  field;  nor  is  the  ex¬ 
tensive  upper  portion  of  the  section,  together  with  an  undetermin¬ 
able  thickness  which  has  been  removed  through  recent  erosion, 
probably  represented  in  Texas.  If  the  Ransome  title  Cintura  is 
to  be  retained  for  any  part  of  the  Comanchan  series  in  Arizona, 
it  will  have  to  be  severely  restricted  to  the  uppermost  beds,  those 
above  the  thick  sandstones  of  the  Bisbee  section.  These  sand¬ 
stones  will  probably  be  found  to  represent  the  capping  of  the  Cerro 
de  Muleros,  west  of  El  Paso,  and  could  doubtless  be  advantag¬ 
eously  designated  the  Muleros  sandstone,  numbers  10  and  11  of 
the  Bose  section. 

Scarcely  one-tenth  of  this  maximum  section  of  5,000  feet  and 
over  is  strictly  thalassic  deposition,  so  that,  in  considerating  the 
taxonomy  of  the  Comanchan  succession,  it  cannot  possibly  be  re¬ 
garded  more  than  a  provincial  expanse  and  hence  an  ordinary 
standard  series.  With  the  wealth  of  organic  remains  which  the 
terranes  carry  there  are  few  rock  sections  that  would  yield  more 
satisfactory  and  constructive  results  in  the  differentiation  of  the 
faunal  zones. 

In  northern  Arizona,  and  over  the  southern  Rocky  Mountain 
regions.  Early  Cretacic  time  is  a  period  of  profound  erosion. 
When  deposition  again  sets  in  it  is  with  a  heavy  deposition  of  shore 
materials.  The  basal  Dakotan  series  is  one  of  the  remarkable 
sandstones  of  the  world.  There  are  few  other  sandstones  known 
which  are  so  extensive.  In  one  single  layer  its  lowermost  mem¬ 
ber  extends  from  the  Grand  Canyon  to  Lake  Superior,  a  distance 
along  its  southern  outcrop  of  2,000  miles. 

As  displayed  in  the  Arizona  country  the  Dakotan  series  does 
not  present  the  incomparable,  massive  sandstone  that  characterizes 
much  of  its  range  elsewhere.  Conglomerate  beds  are  common  at 
the  base.  At  Pyramid  Butte,  the  conglomerate  is  exceptionally 
well  marked,  and  this  name  is  attached  to  this  phase.  Shales  and 
coals  occur  in  the  formation.  Besides  these  two  phases  other  beds 
come  in  in  the  neighboring  states,  so  that  the  entire  sequence  as¬ 
sumes  an  importance  stratigraphically  that  the  massive,  single  bed 
might  not  readily  indicate.  Plant  remains  are  the  most  abundant 
forms  of  life. 

The  Coloradan  series,  of  the  eastern  slope  of  the  Rocky  Moun¬ 
tains,  appears  to  be  represented  on  the  west  side  by  thick  sections 
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of  clayey  and  sandy  beds  known  in  recent  years  as  the  Mancos 
shales.  Until  these  shales  are  carefully  subdivided  throughout 
their  range  in  accordance  with  their  general  lithologic  and  biotic 
characters  it  is  perhaps  useless  to  attempt  to  distinguish  the  sev* 
eral  units  as  displayed  in  this  part  of  their  areal  extent.  It  may 
be,  that  after  the  faunas  are  carefully  worked  out,  the  same  sub¬ 
divisions  may  be  recognizable  as  on  the  east  side  of  the  Rockies. 

The  Montanan  series  is  the  great  coal  measures  sequence.  Thick 
coal-bearing  shales  lie  between  thick,  massive  sandstones.  Al¬ 
though  relatively  unimportant  in  Arizona,  in  the  neighboring  states 
of  New  Mexico,  Colorado  and  Utah,  the  series  furnishes  the  larg¬ 
est  coal  tonnage  on  the  continent.  Montanan  shales  form  the  sur¬ 
face  rocks  of  much  of  the  northeast  corner  of  the  state,  and  conse¬ 
quently  recent  erosion  removes  much  of  the  once  much  more  ex¬ 
tensive  formations. 

With  the  Cretacic  strata  eroded  down  to  the  middle  level  of  the 
Montanan  series,  two  great  superior  series,  the  Lewisian  and  the 
Laramian  sections,  are  entirely  unrepresented  within  the  bound¬ 
aries  of  the  state.  This  erosion  of  the  Late  Cretacic  strata  is  not 
all  referable  to  modern  depletion.  Early  Tertic  erosion  and  re¬ 
gional  planation  are  also  strongly  in  evidence.  This  is  especially 
well  displayed  in  the  Chuska  Mountains  of  the  northeastern  corner 
of  the  state,  on  the  New  Mexican  boundary.  These  elevations  are 
mainly  Tertiaries  laid  down  on  a  peneplain  which  is  worn  out  on 
the  basset  edges  of  the  Cretacic  formations  in  the  Defiance  mon¬ 
ocline. 

Arizona  borders  one  of  the  great  Tertic  successions  of  the  con¬ 
tinent;  yet  only  a  small  part  of  it  extends  into  her  own  domains. 
With  the  introduction  of  Tertic  times  in  this  region  epirotic  de¬ 
position  takes  the  place  of  marine  sedimentation.  Provincial  suc¬ 
cessions  become  restricted  and  the  sequences  of  the  different  basins 
have  little  in  common.  The  earliest  Tertic  beds,  earlier  than  any 
other  known  on  the  face  of  the  earth,  that  are  so  well  developed 
in  New  Mexico  and  in  Colorado,  are  not  represented  by  deposition. 

Most  imposing  of  all  Tertic  successions  in  the  state  is  that 
capping  the  Chuska  Mountains,  in  the  northeastern  corner  on  the 
New  Mexican  boundary.  This  section  is  not  less  than  1,500  feet 
in  thickness.  Basal  conglomerates  doubtless  are  extensions  of  the 
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Archuleta  ^  formation  of  the  San  Juan  region.  This,  with  some 
other  associated  beds,  constitutes  the  Aztecan  series.  Above  it 
come  in  the  Puerco  clays  of  New  Mexico,  named  by  Cope  in  1875, 
but  which  Gregory,  forty  years  afterwards,  proposes  to  give  the 
new  title  of  Tohachi  shale.  Newberry’s  Canyon  Largo  sand¬ 
stone  of  New  Mexico  appears  to  be  the  thick  sandstone  capping 
the  Chuska  range,  to  which  Gregory  applies  an  entirely  new  desig¬ 
nation,  the  Chuska  sandstone,  without  reference  to  Newberry’s 
work  of  half  a  century  before. 

Mid  Tertic,  or  Miocene,  deposits  seem  not  to  be  in  evidence  in 
northeastern  Arizona ;  but  in  the  northwestern  corner  of  the  state 
they  appear  in  strong  development  in  the  Grand  Wash  and  in  the 
Virgen  River  valley,  just  over  the  line  in  Nevada.  In  the  San 
Pedro  River  valley,  in  the  southern  part  of  the  state,  round  about 
Benson,  extensive  clays  probably  represent  Miocene  and  Pliocene 
depositions.  They  are  fossiliferous. 

Both  the  Late  Tertic  and  Quaternaric  deposits  are,  on  the  whole, 
too  distantly  related  and  too  far  removed  from  one  another  to 
permit  of  satisfactory  classification  at  this  time. 

The  remarkable  conglomerates  of  the  Gila  Basin,  named  so  ear¬ 
ly  as  1875  by  Gilbert,  who  described  them  as  wide-spread  valley 
deposits,  sometimes  attain  a  thickness  of  1,500  feet.  Consolidated 
gravels  of  this  sort  extend  far  eastward  into  New  Mexico;  and 
occupy  many  river  valleys  throughout  the  Southwest. 

It  may  be,  that  when  the  orogenic  movements  of  late  geological 
times  in  the  region  are  closely  evaluated,  these  isolated  deposits 
will  be  adjusted  stratigraphically  to  one  another.  Such  deposits 
represent  in  many  cases  ephemeral  empondment  of  stream  waters 
through  damming  by  lava  flows.  Correlation  of  temporary  epiro- 
tic  deposits  is  not  accomplished  readily  because  it  involves  the 
consideration  of  erosion  laws  entirely  distinct  from  those  which 
we  are  accustomed  to  in  pluvial  lands;  and  adequate  methods  of 
work  are  not  yet  formulated. 

Tabulation  of  the  geological  formations  of  the  state  so  far  as 
now  understood  is  annexed : 

2  Shaler’s  name  Animas  for  these  beds  in  southwestern  Colorado  is  preoccupied; 
see  Proc.  Iowa  Acad.  Sci.,  Vol.  XXII,  p.  260,  1915. 
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GENERAL  GEOLOGICAL  SECTION  OF  ARIZONA 


s  Periods 

SUB.-P. 

Series 

Terranes 

Thick 

Rocks 

Late 

25 

Adobe 

Mid 

200 

Gravels 

QUARTERNARIC 

Interval 

Early 

Gilan 

250 

Gravels 

Interval 

Late 

800 

Silts 

Interval 

1000 

Shales 

1500 

Sandstones 

50 

Conglomerates 

Interval 

Cliaman 

Canyon  Largo 

800 

Sandstones 

TERTIC 

Interval 

Torrejon 

300 

Shales 

Nacimientan 

Interval 

Early 

\ 

Puerco 

600 

Shales 

Interval 

Aztecan 

Archuleta 

50 

Conglomerates 

Ratonan 

Interval 

Interval 

Interval 

T.att? 

Chacra 

200 

Sandstones 

Montanan 

Mesa  Verde 

800 

Shales 

Orabai 

225 

Sandstones 

Coloradan 

Mancos 

1000 

Shales 

Lohali 

250 

Sandstones 

Mid 

Dakotan 

Pyramid 

10 

Conglomerates 

CRETACIC 

Interval 

Cintura 

500 

Shales 

Muleros 

800 

Sandstones 

Washita 

500 

Shales 

Early 

Comanchan 

Edwards 

350 

Limestones 

Cochise 

300 

Limestones 

Trinity 

1800 

Sandstones 

Glance 

400 

Conglomerates 

Interval 

Late 

interval 

i\IlD 

Interval 

McElmo 

600 

Shales 

JURASSIC 

La  Plata 

1000 

Sandstones 

Early 

Zunvin 

Todilto 

200 

Limestones 

Wingate 

500 

Sandstones 

interval 

Ventana 

325 

Sandstones 

l,e  Roux 

200 

Limestones 

Late 

Doloresian 

■^azlini 

450 

Shales 

TRIASSIC 

vukachukai 

200 

Sandstones 

Shinarump 

600 

[Conglomerates 

AIid 

Interval 

Early 

Interval 

Chelly 

125 

Sandstones 

Adamana 

200 

Shales 

Holbrook 

100 

Sandstones 

CARBONIC 

Late 

Moenkopian 

Winslow 

200 

Shales 

rolchico 

100 

Shales 

'anner 

100 

Shales 

'nterval 
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Eru 

Periods 

SUB.-P. 

Series 

TerranES 

Thick 

Rocks 

PALEOZOIC 

CARBONIC 

Mid 

Aubreyan 

Kaibab 

Wompats 

Havasupai 

Huethawali 

Chiquito 

100 

225 

200 

175 

50 

Limestones 

Limestones 

Sandstones 

Limestones 

Sandstones 

Interval 

V  erdan 

Coconino 

700 

Sandstones 

Interval 

Supaian 

Shiwits 

Yampai 

Seligman 

Pierce 

400 

300 

500 

100 

Sandstones 

Shales 

Limestones 

Shales 

Interval 

Early 

Interval 

Mississippism 

Elden 

Truxton 

Simon 

250 

450 

300 

Limestones 

Limestones 

Limestones 

Interval 

DEVONIC 

Late 

Perchan 

Bella 

Silver 

200 

100 

Shales 

Shales 

Martinian 

Morenci 

200 

300 

Limestones 

Limestones 

Mid 

interval 

Early 

Interval 

SILURIC 

Late 

Interval 

, 

Mid 

Santa  Ritan 

Naiad 

Cibola 

150 

250 

Limestones 

Limestones 

Early 

Interval 

ORDOVICIC 

Late 

M  imbresicm 

Longfellow 

200 

Limestones 

Mid 

Interval 

Early 

SI  Pasan 

Interval 

Armedaris 

250 

Limestones 

Interval 

CAMBRIC 

Late 

Chiricahuan 

Lone 

300 

Quartzites 

-hloridian 

Abrigo 

700 

300 

500 

Limestones 

Shales 

Quartzites 

Mid 

Dragoonan 

Bright  Angel 
Bolsa 

Early 

Interval 

PROTEROZOIC 

SUPERIOR!  C 

Interval 

SEEKIRKIC 

Late 

(Chuar) 

200 

1300 

200 

600 

600 

800 

50 

700 

Sandstones 

Shales 

Sandstones 

Shales 

Shales 

Sandstones 

Limestones 

Shales 

Mid 

Interval 

Early 

{Unkar) 

Dox 

Shinumo 

Hakatai 

Bass 

Hotauta 

500 

800 

2300 

1500 

600 

325 

10 

Sandstones 

Lavas 

Sandstones 

Quartzites 

Shales 

Limestones 

Conglomerates 

ANIANIC 

Interval 

ARCHEOZOIC 

Interval 

Granites 

AZOIC 

Schists, 

Gneisses 
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Only  the  sedimentary  rock  formations  of  the  State  are  thus  far 
considered.  These  give  us  chief  clues  to  our  geological  chron¬ 
ology.  An  equally  primiere  group  of  the  volcanic  rocks  are  dis¬ 
played  in  infinite  variety,  in  vast  areal  extent,  and  of  almost  all 
geological  ages  from  the  Azoic  to  the  present  time.  Arizona  is 
one  of  the  most  profitable  fields  for  petrographic  inquiry  that  the 
world  today  affords. 

Around  the  base  of  the  broad  Colorado  Dome  there  is  one  of 
the  great  lava  tracts  of  Earth;  one  second  in  magnitude  in  our 
country  only  to  the  famous  northwestern  lava  plains  of  Wash¬ 
ington  and  Idaho,  and  fifteen  times  larger  than  that  classical 
Auvergne  district  of  extinct  volcanoes  in  central  France.  Sweep¬ 
ing  in  a  broad  crescent,  250  miles  long,  with  famed  San  Mateo 
Mount  on  one  horn  and  the  lofty  San  Francisco  Peak  on  the 
other,  the  main  body  of  lava  flows,  superposed  in  countless  num¬ 
bers,  covers  an  area  half  the  size  of  New  York  State.^ 

Beyond  the  borders  of  the  crescent  are  myriad  cinder  cones, 
coulees,  and  limited  basalt  sheets,  which  spread  out  over  the  less 
resistant  sedimentaries,  protect  the  latter  from  rapid  destruction, 
and  give  relief  expression  in  characteristic  plateau  plains  of  the 
desert.  Other  volcanic  evidences  are  the  denuded  necks  and 
dikes.  With  this  vast  Tertic  vulcanism  must  be  connected  most 
of  the  metallic  ore  deposits,  as  Lindgren  more  recently  also  notes. 

Few  places  are  there  that  would  yield  larger  results  on  the  con¬ 
sanguinity  of  eruptive  rocks.  Even  the  ordinary  black  traps 
which  constitute  the  mal  pais  of  so  many  parts  of  the  State  are 
not  without  great  interest.  As  bearing  upon  these  rarer  potassic 
magmas  a  large  new  preserve  is  opened  up  in  this  country,  com¬ 
parable  to  the  best  known  fields  of  central  Europe.^  These  1am- 
prophyric  basalts  of  Arizona  doubtless  represent  the  last  stages 
of  eruption  of  alkalic  magmas  which  are  yet  uncovered  by  erosion. 

Pirsson’s  comment  that  “It  is  clear  that  here  is  a  field  whose 

% 

study,  especially  on  the  chemical  side,  will  yield  rich  results  to 
detailed  petrographic  investigation,’’  is  strongly  endorsed. 

1  Bull.  Geol.  Soc.  America,  Vol.  XXIII,  p.  715,  1912. 

2  See:  S.  Richarz,  this  journal,  Vol.  XXXVIII,  p.  112,  1922. 
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EDITORIAL 

Ove:rthrusts  in  Gre:at  Basin  Rangks 

When,  several  years  ago,  the  fault-block  hypothesis  of  Desert 
Range  structure  was  challenged,  multiple  origin  was  premised  and 
a  possible  genesis  of  some  of  the  mountain  ridges  through  over¬ 
thrust  was  intimated.  Since  that  date  some  specific  examples 
were  disclosed.  The  evidences  seemed  so  clear  as  to  invite  re¬ 
newed  search  for  similar  and  critical  phenomena.  Reason  offered 
by  the  most  ardent  advocates  of  the  normal  fault-block  hypothesis 
for  not  finding  a  single  fault-line  during  a  whole  half  century, 
was  that  the  displacement  lines  must  be  deeply  covered  by  pied¬ 
mont  waste,  because  the  mountains  were  buried  up  to  their  should¬ 
ers  in  their  own  debris. 

On  the  other  hand,  according  to  the  erosional  theory  of  Desert 
Range  origin,  the  mountains  were  deeply  girdled  through  wind- 
scour.  Any  fault-lines  which  may  have  once  existed  were  now 
far  out  on  the  adjoining  plains,  where  they  were  obscured  or  com¬ 
pletely  hidden  by  the  desert  soils. 

In  another  direction,  if  the  displacements  were  thrusts,  the 
plains  were  not  yet  always  removed  down  to  the  proper  level  to 
reveal  the  fault-lines.  But  with  this  idea  as  a  clue  some  move¬ 
ment  planes,  notwithstanding  the  fact  that  they  probably  did  not 
really  have  anyhing  to  do  with  moulding  the  stature  of  the  present 
mountains,  were  finally  unearthed. 

Genesis  of  the  Desert  Ranges  of  the  Great  Basin  is  variously 
interpreted.  According  to  fundamental  differences  the  several 
hypothesis  fall  into  four  sharply  defined  categories.  All  are  tec¬ 
tonic  in  nature,  except  the  last.  The  differences  are  contrasted 
in  the  following  tabulation,  which  is  modified  somewhat  from  the 
similar  one  which  was  published  in  the  Bulletin  of  the  Geological 
Society  of  America,  a  few  years  ago. 
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A.  Tectonic,  through  Folding'. 

1.  Simple  and  direct . King,  1870 

B.  Tectonic,  through  gravity  faulting: 

2.  Simple  and  direct . Gilbert,  1874 

V  King,  1878 

3.  Simple,  previously  folded . King,  1878 

Russell,  1884 
Diller,  1886 
Le  Conte,  1889 

4.  Simple,  previously  folded  and  planed . Dutton,  1880 

5.  Simple,  subsequently  v^ater  sculptured . Davis,  1903 

6.  Complex,  folded  and  faulted . Spurr,  1901 

7.  Compound,  and  direct . Lauterback,  1904 

C.  Tectonic,  through  thrust  movement: 

8.  Simple,  probably  occasionally . Keyes,  1919 


D.  Erosive,  through  deflation  : 

9.  Simple,  differential  wind-scour,  mainly  independent  of 

. Keyes,  1908 

As  doubts  were  beginning  to  take  form,  a  score  or  more  years 
ago,  concerning  the  validity  of  the  Basin  Range  hypothesis  of 
fault-block  mountains,  and  attention  was  especially  being  directed 
to  the  incongruity  and  independence  of  mountain  tectonics  and 
mountain  profiles,  it  was  not  expected  that  the  basic  significance 
of  such  gross  discrepancies  would  be  so  generally  missed.  Neither 
was  the  explanation  of  the  origin  of  Desert  Ranges  on  other  than 
tectonic  lines  entirely  appreciated.  Later,  it  was  also  observed 
that  in  such  connection  overthrust  activities  among  these  moun¬ 
tains  of  the  Great  Basin  was  a  theme  of  inquiry  worthy  of  the  most 
careful  consideration  and  severest  test  in  the  field.  Little  was  it 
thought  that  the  quest  which  has  eluded  everyone  of  the  host  of 
Government  workers  for  fifty  years  would  so  suddenly  become 
an  accomplished  fact. 

Gained  when  he  was  prosecuting  the  Fortieth  Parallel  Survey 
through  the  states  of  Utah  and  Nevada,  it  was  the  matured  im¬ 
pression  of  Clarence  King  that  the  desert  mountain  ridges  of  that 
region  were  the  tops  of  anticlinal  folds  which  were  now  largely 
buried  in  desert  waste.  Although  not  strictly  literal  in  a  tectonic 
sense,  perhaps,  the  essential  quality  of  the  King  idea  was  that  the 
Great  Basin  was  a  tract  of  notable  crustal  compression,  and  gave 
expression  of  the  typical  Appalachian  order.  This  generalization 
was  really  a  chance  inference,  rather  than  a  carefully  wrought  out 
concept  and  it  entirely  lacked  confirmative  proofs  of  quantative 
nature  and  observational  record. 
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Then,  without  any  particular  reason  for  so  doing,  the  King  con¬ 
clusion  came  to  be  supplanted  by  that  of  block-faulting,  wherein 
the  Basin  Range  blocks  were  regarded  as  floating  highly  because 
their  tops  had  been  unloaded  through  erosion.  Basin  Range 
structure  became  an  established  type  of  mountain  architecture. 

At  length  there  appeared  upon  the  scene  certain  inquisitive  ones 
who  wished  to  see  with  their  own  eyes  so  magic  an  hypothesis 
demonstrated  in  the  field.  Repeated  search  failing  utterly  to  dis¬ 
close  a  single  desert  range  in  which  the  premised  fault  was  in  evi¬ 
dence  at  the  mountain  base,  it  began  to  dawn  upon  the  minds  of 
some  of  those  investigators  most  directly  interested  in  the  subject 
that  the  whole  hypothesis  might  be  after  all  not  based  upon  an 
observed  feature  and  an  established  fact,  but  only  a  brilliant  con¬ 
ception  of  the  same  poetic  fancy  as  Goethe’s  theory  of  the  origin 
of  the  vertebrate  skull  from  coalesced  and  distorted  vertebrae. 

In  bringing  forth  to  light  of  day  that  most  brilliant  geological 
conception  of  the  century  just  passed,  the  fault-block  idea  of 
Basin  Range  structure  and  its  necessary  corollary  of  isostasy,  it  is 
a  singular  circumstance  that  there  were  not  adduced  at  the  time 
abundant  and  critically  supporting  proofs.  So  simple,  so  self 
contained,  and  so  beautiful  was  the  theme  that  it  was,  perhaps, 
not  thought  necessary  to  set  forth  especially  observed  examples. 

Youthful  and  inquiring  spirits  of  a  succeeding  generation  in¬ 
nocently  expected  to  find  at  first  glance  the  great  fault-lines  clearly 
limned  at  the  base  of  each  desert  block  as  it  loomed  up  before 
them.  That  they  did  not  added  a  certain  piquancy  to  the  quest  and 
served  to  intensify  an  innate  desire  actually  to  behold  such  unique 
phenomenon.  But  fifty  years  of  diligent  search  disclosed  not  a 
single  fault  plane  at  the  foot  of  alleged  fault-scarp  in  these  block 
mountains.  Finally  one  of  the  most  seasoned  geologists  of  his  day 
and  of  this  field  was  led  to  exclaim,  with  not  a  little  petulancy, 
that  nobody  had  ever  beheld  such  a  feature.  Implied  conclusion 
was  that  such  structure  had  no  existence. 

Despite  the  circumstance  that  normal  fault-lines  which  had 
never  been  seen  at  the  base  of  a  single  tilted  mountain  block  of  the 
desert  in  half  a  century  during  which  the  concept  prevailed,  the 
final  unearthing  of  such  a  feature  excited  as  much  interest  today 
as  it  would  have  done  at  any  time  during  previous  years. 

Repeated  failure  from  1900  on  to  locate  either  fault-lines  as  an 
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essential  feature  of  Basin  Range  structure  in  New  Mexico,  or 
overthrust  evidences  was  not  deterring  and  did  not  discourage 
constant  outlook  for  clues  to  such  phenomena.  Very  early  in  the 
New  Mexican  observations  it  was  at  one  time  thought  that  the 
solution  to  the  problem  had  been  revealed  in  some  of  the  ranges 
bordering  the  Rio  Grande,  and  especially  in  the  Sandia  Range 
where  Gilbert  had  estimated  the  displacement  of  the  mountain 
front  to  be  7,000  feet ;  but  the  data  soon  proved  inconclusive. 

In  the  meanwhile  Death  Valley  came  in  for  examination.  The 
recent  railroad  construction  in  this  region  supplied  data  never 
before  accessible.  Spring  Mountain  Range,  lying  to  the  east  of 
the  Death  Valley,  seemed  to  offer  some  good  evidences  of  thrust 
movements,  some  of  which  when  once  made  out  were  discernable 
from  Las  Vegas  twenty-five  miles  away;  but  the  structures  proved 
to  be  relatively  too  old  to  be  involved  in  the  present  mountain 
building.  R.  B.  Rowe,  one  of  the  Government  field  men,  also 
noted  the  presence  of  an  overthrust  in  this  range,  but  made  no 
record  of  its  significance  in  Basin  Range  geology ;  and  Spurr,  who 
later  used  Rowe’s  field  notes,  merely  transcribed  them  without 
comment. 

About  this  same  time  the  boraciferous  deposits  near  the  Virgen 
River  came  in  for  examination,  and  undoubtable  evidences  of 
thrust  movements  were  found  in  the  face  of  the  Muddy  Moun¬ 
tains.  It  was  the  observations  here  that  led  to  the  announcement  ^ 
that  in  the  orogenies  of  the  Great  Basin  the  major  faulting  of  the 
region  might  not  be  of  the  gravity  type  as  so  commonly  assumed, 
but  of  overthrust  character.  In  support  of  this  suggestion,  as  a 
general  proposition,  there  were  a  number  of  considerations  pre¬ 
sented  besides  the  ordinary  theoretical  one.  Record  showed  that 
some  of  these  thrust-planes  had  been  observed  but  had  been  mis¬ 
taken  for  unconformity  lines.  On  the  other  hand  the  recognition 
of  unconformity  plane  was  doubtless  one  reason  why  so  few 
fault-lines  were  recorded  bounding  the  mountain  blocks.  The 
overpowering  influence  of  the  normal  fault  idea  had  evidently 
much  to  do  with  the  general  misinterpretation  of  Basin  Range 
orogeny. 

The  Muddy  Mountains  are  particularly  instructive.  The  west 

1  Science,  N.  S.,  Vol.  L,,  p.  413,  1919. 


GREAT  BASIN  OVERTHRUSTS 


257 


face  of  this  huge  segment  is  apparently  as  fine  a  fault-scarp  as  can 
be  imagined.  This  mountain  face  is  planed  flat.  It  is  steep. 
Horizontal  alignment  is  long  and  straight.  Mountain  meets  low¬ 
land  plain  sharply.  The  transverse  salients  are  characteristically 
truncated.  A  plane  of  mass  movement  is  clearly  discernable  near 
the  base,  400  feet  above  the  level  of  the  intermontane  plain.  For 
the  first  time  since  the  Basin  Range  hypothesis  was  promulgated, 
half  a  century  ago,  human  eye  actually  beholds  an  unmistakable 
fault-line  bounding  a  mountain  block  exactly  where  theory  de¬ 
mands  that  it  shoud  be. 

Ocular  and  demonstrable  evidences  of  Basin  Range  structure 
and  isostacy  are  not  yet.  Face  of  the  Muddy  Mountain  may  be 
expression  of  fault-scarp ;  but  it  is  not  a  normal  dislocation  which 
theory  leads  one  to  expect.  The  fault  observed  is  an  overthrust. 
Tough,  massive  Paleozoic  limestones  recline  directly  upon  Meso¬ 
zoic  strata  —  friable  Jurassic  sandstones  in  some  places,  and 
unctuous  Triassic  shales  in  other  situations. 

A  Tectonic  setting  directly  opposite  to  that  always  premised  is 
disclosed.  Since  the  Muddy  Range  is  manifestly  of  the  same  age 
as  that  of  the  thousand  and  one  other  desert  ranges  the  genetic 
significance  of  this  fact  is  obvious.  In  the  light  of  the  new  situa¬ 
tion  Isostasy  and  Basin  Range  Structure  have  certainly  to  be 
evaluated  anew. 

If  ever  there  were  typical  development  of  Basin  Range  structure 
of  the  kind  in  which  Gilbert,  Dutton,  and  Powell  took  such  keen 
delight  to  liken  to  tossed  ice-cakes  of  a  northern  river  jam  at  time 
of  the  Spring  break  up,  then  the  Muddy  Mountains  of  south¬ 
eastern  Nevada  should  present  incontestible  proofs.  These  moun¬ 
tains  constitute  as  characteristic  a  Desert  Range  as  anv"  other  in 
the  entire  Great  Basin.  They  form  an  isolated,  north  and  south 
serrate  ridge  extending  from  the  Moapa  Indian  Reservation  to  the 
Rio  Colorado,  at  the  Great  Bend,  and  thence  on  far  southward 
through  the  Black  Range  which  rises  abrutly  on  the  east  side  of 
the  valley. 

The  Muddy  Range  emerges  steeply  out  of  a  broad  intermontane 
plain,  known  as,  but  incorrectly  so-called,  a  wash,  the  California 
Wash  of  early  Mormon  travelers.  Its  west  face  is  so  long  and 
straight  and  steep  that  it  would  readily  pass  for  a  normal  fault- 
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scarp.  Influenced  evidently  by  the  Gilbertian  hypothesis  of  Basin 
Range  structure,  Longwell,^  who  recently  spent  considerable  time 
in  this  region,  so  figures  the  structure,  notwithstanding  the  fact 
that  his  accompanying  sketch-map,  crude  as  it  is,  and  without  in¬ 
terpretation,  is  the  strongest  possible  evidence  directly  to  the 
contrary. 

The  Longwell  tectonics  of  this  region  are  particularly  defective 
and  incomplete.  There  are  faults  marked  where  there  are  none; 
and  there  are  many  others  where  none  are  recognized.  Then, 
too,  neglect  to  group  his  faults  as  orogenic  resultants,  and  accord¬ 
ing  to  their  time  periods,  prevents  simplification  of  the  tectonic 
framework  of  the  scheme  or  making  intelligible  thisi  phase  of  the 
theme.  As  it  is  there  is  too  much  impossible  physics  presented  as 
fact,  when  often  it  is  not  even  plausible.  It  is  difficult  to  under¬ 
stand  how  a  major  normal  fault  could  coincide  with  a  great  over¬ 
thrust  so  that  the  two  would  have  a  common  scarp  forming  one 
face  of  the  range.  Or,  if  the  west  face  of  the  mountain  be  a 
normal  fault  scarp  in  accordance  with  orthodox  Basin  Range 
theory  why  should  a  great  thrust-plane  emerge  on  the  same  line 
near  the  plains  level?  It  is  beyond  kin  how  this  writer  could  be 
so  obesed  by  the  Basin  Range  claim  that  he  is  unable  properly 
to  interpret  the  facts  which  he  actually  records  on  his  map.  These 
features,  however,  need  not  be  especially,  considered  at  this  time. 

In  a  still  more  recent  reference  to  the  Muddy  Mountain  struc¬ 
ture  Longwell  ^  does  not  locate  the  time  movement,  except  in  a 
most  general  way  associating  it  with  distant  Sierra  Nevada  oro¬ 
genies  of  Jurassic  date.  This  is,  of  course,  mere  surmise.  It  is, 
however,  the  important  and  essential  feature  of  the  whole  theme 
and  its  explanation  is  left  out. 

There  are  other  systems  of  faults  and  other  stratigraphic  evi¬ 
dences  which  seem  to  fix  within  narrow  limits  the  movement 
time  of  the  thrust.  In  the  interior  borate  basin  are  numerous 
horizontal  faults  which  appear  to  trend  parallel  to  the  direction 
of  the  thrust  movement.  They  are  not  only  horizontal  slips  but 
they  cut  the  boraciferous  beds.  They  may  not  have  any  direct 
connection  with  the  major  thrust  but  they  probably  do.  If  they 
are  actually  a  necessary  and  ordinary  expression  of  the  thrusting, 
then  the  latter  movement  must  be  assigned  a  Miocene  date,  or  at 

2  American  Jour.  Sci.,  (5),  Vol.  I,  p.  41,  1921. 

3  Journal  of  Geology,  Vol.  XXX,  p.  63,  1922. 
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least  confined  to  Mid  or  Late  Tertic  times.  The  same  activities 
may  be  still  going  on  at  the  present  day.  This  is  the  same  date 
that  is  commonly  considered  for  the  Basin  Ranges  generally. 
Such  being  the  case  crustal  compressive  and  gravity  faulting  can 
hardly  go  on  at  the  same  time. 

As  an  actual,  visible  and  diagrammatic  representation  of  oro- 
genic  example  the  Muddy  Mountains  disclosure  is  the  most  note¬ 
worthy  and  illuminating  cross-section  ever  yet  observed  through¬ 
out  the  length  and  breadth  of  the  Great  Basin.  It  is  the  first  and 
only  exposure  wherein  an  inferred  fault-plane  bounding  a  moun¬ 
tain  block  has  been  actually  seen.  The  fact  that  this  fault  does 
not  turn  out  to  be  a  normal  one,  as  hypothesis  demands,  or  does 
not  support  the  cherished  Gilbertian  contention  of  Basin  Range 
origin  matters  little.  Fault  is,  in  truth,  there.  It  is  no  fancy. 
It  is  as  plainly  displayed  as  a  black-board  diagram.  No  chalk 
artist  could  limn  sketch  more  impressively  than  the  phenomenon 
itself  reveals  unbrokenly  for  miles  and  miles  along  the  mountain 
front. 

The  entire  face  of  the  mountain  is  swept  clean  of  all  its  waste 
and  soil.  The  rock  surfaces  are  as  bare  and  as  fresh  as  those  of 
cabinet  specimens.  The  relations  of  the  different  rock  layers, 
through  a  vertical  space  of  half  a  mile,  are  as  succinctly  portrayed 
as  types  on  printed  page.  No  rock  section  in  all  the  world  is 
painted  in  brighter  hues  or  in  prospect  more  contrasting.  Through¬ 
out  the  desert  the  girdled  mountain  block,  where  no  fault  is  dem¬ 
onstrated  to  exist,  presents  innumerable  examples ;  Muddy  Moun¬ 
tains  alone  actually  reveal  the  phenomenon  in  all  its  pristine 
glory. 

In  quality  of  lucidity  the  fault  contrast  between  the  Muddy 
Mountains  of  southeastern  Nevada,  and  the  Humboldt  Range  in 
the  northwestern  part  of  the  same  State,  is  as  wide  as  the  poles 
of  Earth.  Notwithstanding  the  fact  that  Louderback,  one  of  the 
most  ardent  advocates  of  the  Gilbertian  hypothesis,  so  elaborately 
describes  the  Humboldt  geology  ^  in  proof  of  the  theory,  his  data 
really  have  no  critical  bearing  upon  the  central  theme.  Moreover, 
a  fault-plane  having  a  40-degree  hade  is  strongest  physical  evi¬ 
dence  that  it  is  possible  to  adduce  against  both  the  urged  hypoth¬ 
esis  of  Basin  Range  structure  and  the  Duttonian  theory  of  isos- 
tasy  which  it  is  intended  to  confirm. 

4  Bull.  Geol.  Soc.  America,  Vol.  XV,  pp.  289-346,  1904. 
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Louderback  produces  not  an  actual  fault-line  framing  a  moun¬ 
tain  block  but  merely  adduces  evidences  which  in  his  opinion  ap¬ 
pear  satisfying  enough  to  warrant  the  inference  of  the  presence 
of  a  fault.  In  reality  this  does  not  even  touch  the  critical  point 
involved  in  the  issue.  The  fault-plane  of  Mount  Rosa  (p.  305) 
over  wTich  this  author  makes  so  much  ado  reaches  sky  two-thirds 
of  the  way  up  the  side  of  the  range.  Surely  the  mountain  must 
have  stood  forth  fully  formed  long  before  the  faulting  took  place. 
Such  fault  could  not  possibly  have  determined  the  mountain.  The 
results  of  my  own  visit  to  the  Humboldt,  in  response  to  Louder- 
back’s  printed  invitation  (p.  345),  were  not  only  disappointing 
and  far  from  satisfactory,  but  they  were  not  at  all  convincing. 
Nothing  critical  concerning  the  issues  had  been  added  that  was  not 
already  well  known  in  scores  of  other  desert  ranges.  No  one 
whom  I  can  recall,  of  those  especially  interested  in  Great  Basin 
orogeny,  ever  called  into  question  the  possible  presence  in  the 
region  of  normal  faults.  The  point  of  askance  was  their  pres¬ 
ence  as  essential  factors  in  present  mountain  building. 

Bearing  directly  upon  the  validity  of  the  Gilbertian  hypothesis 
of  Basin  Range  structure  the  tectonic  phenomena  claimed  for  the 
Humboldt  region  have  other  curious  relations.  All  features  which 
are  so  stressed  have  at  least  two  other  explanations,  either  of  which 
is  even  more  plausible  than  the  one  set  forth.  One  in  particular 
has  endless  counterpart  throughout  the  arid  regions,  and  casts 
grave  doubt  upon  the  very  presence  of  the  faulting  as  inferred. 

Nor  are  physiographic  criteria  for  Basin  Range  faulting  any 
more  conclusive  or  illuminating.^  The  inductive  reasoning  ends 
in  utter  chaos.  Davis’  well-known,  albeit  strictly  academic  argu¬ 
ments,  fit  to  minutest  detail  the  Muddy  Mountains.  Yet  the  latter 
bring  forth,  not  a  normal  fault-block  but  a  thrust  block!  Is  not 
that,  too,  older  than  the  present  mountains  ? 

According  to  the  hypothesis  of  differential  deflation  for  the 
origin  of  the  Desert  Ranges  the  date  of  folding,  faulting,  or  thrust¬ 
ing  in  the  substructure  has  no  essential  bearing  upon  the  problem 
of  genesis  of  the  present  orogenic  relief,  and  thus  this  entire 
difficulty  in  Basin  Range  discussion  is  happily  obviated. 

Basin  Range  Structure  hypothesis  has  thus  at  last  arrived  at 
the  point  where  it  is  confronted  by  fact  and  feature,  and  not  longer 
by  brilliant  plausibility  alone. 

5  Science,  N.  S.,  Vol.  XIV,  p.  458,  1901. 
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Antiquity  of  Lingula.  As  symbols  of  absolute  changelessness, 
and  as  the  certain  embodiment  of  permanency  among  things  num- 
dane,  the  adamantine  rocks  and  the  everlasting  hills,  popular 
fancy  passes  on  to  us  Moderns  many  of  the  very  old  notions  be¬ 
longing  to  the  time  when  mankind  itself  was  young.  As  applied 
to  the  rocks  we  now  know  that  adamant  is  merely  a  relative 
term,  and  the  span  of  its  duration,  as  measured  by  geological 
time-units,  is  quite  ephemeral.  So,  also,  geologically  speaking, 
the  mountains  eternal  melt  into  the  sea  as  does  a  pinch  of  sugar 
in  a  goblet  of  water. 

Turning  directly  to  the  relief  features  nearest  us  it  is  not  the 
towering  mountains  which  are  the  really  permanent  characters  of 
the  landscape  but  the  restless  brook  at  their  foot.  It  may  not  be 
questioned  that  the  lowly  stream  is  the  one  wrinkle  of  Earth’s 
face  that  resists  most  resolutely  all  attempts  at  its  removal.  As 
the  mobile  river  is  an  emblem  of  stability  more  lasting  than  that 
of  the  mountain  rising  from  its  banks,  so  active  life  passes  on 
unscathed  through  ages  that  dwarf  even  the  river’s  long  span. 
Certain  innate  advantages  which  life  thus  seems  to  present  in  its 
evolution  through  time  permits  it  to  form  the  basis  of  our  geologi¬ 
cal  chronology. 

Thus  it  is,  that  in  order  to  establish  something  of  a  geological 
time- scale,  which  may  be  roughly  measured  in  myriads  of  human 
years,  it  is  the  custom  of  the  scientist  to  be  guided  in  his  reasoning 
by  the  amount  of  expressive  change  which  past  forms  of  life  dis¬ 
play  in  their  make  up  between  any  two  levels.  Although  when 
m.easured  by  the  time  standards  devised  by  man  this  organic  change 
seems  excessively  slow  —  slower  than  the  movement  of  the  fixed 
stars.  How  great  the  elapse  of  the  years  is,  which  any  ap¬ 
preciable  change  in  the  structures  of  ancient  organic  remains 


262 


PALEONTOLOGICAL  GEOLOGY 


represents,  becomes  a  calculation  in  which  only  the  Gods  may 
indulge. 

When,  not  so  very  long  ago,  a  dredge  brought  up  from  the  bot¬ 
tom  muds  of  the  Chesapeake  Bay  a  company  of  Lingulas,  with 
their  fragile,  papery  shells,  indistinguishable  from  forms  accurring 
in  the  old  Cambric  shales  of  the  mountains  in  sight  of  the  shore, 
it  was  evident  that  through  all  this  long  age  between  they  had 
found  shallow  bay  waters  so  congenial  that  they  had  come  down 
these  millions  upon  millions  of  years  without  appreciable  modifica- 
'  tion.  Yet  these  lowly  molusks  had  met  the  continent  in  its  youth; 
they  had  watched  it  repeatedly  wax  and  wane;  they  had  wit- 
necessed  for  twenty-five  successive  times  the  Rocky  Cordillera 
raised  as  majestically  above  the  ocean’s  waves  as  it  stands  today 
above  the  Colorado  plain,  and  as  often  completely  swept  away 
and  sunk  beneath  the  waters  of  epicontinental  seas. 

Overwhelmed  by  the  effort  to  grasp  the  span  of  Lingula’s  im¬ 
measurable  antiquity,  the  late  Dr.  W.  K.  Brooks,  once  viewing 
the  Chesapeake  panorama  with  the  eyes  of  an  embryologist,  fan¬ 
cied  that  were  he  standing  on  the  shores  of  the  Cambric  ocean 
he  could  discern  no  clearer  the  ancestral  path  of  this  venerable 
shell-fish,  than  he  could  today  through  contemplation  of  its  em- 
bryologic  development.  Although  the  pre-Cambrian  history  of 
Lingula  may  be  of  very  great  duration,  it  may  not  be  in  realitv 
so  interminably  long  as  embryology  suggests,  because  we  know 
that  profounder  changes  often  take  place  in  organisms  in  single 
short  epochs  than  in  the  millions  of  years  that  lie  between. 

Nevertheless  Lingula  is  the  oldest,  least-changed  thing  on  Earth 
today,  except  the  waters  in  which  it  swims.  Kh^yES 

Balanocrinus  in  America.  In  view  of  the  circumstances  that 
no  representative  of  the  crinoidal  genus  Balanocrinus  has  ever 
been  reported  from  American  rocks  the  recent  discovery  of  this 
type  from  the  Late  Cretacic  beds  of  the  San  Felipe  and  Mendez 
formations  of  the  State  of  Tamaulipas,  Mexico,  has  special  in¬ 
terest. 

The  fossils  were  collected  by  Dr.  L.  W.  Stephenson,  and  con¬ 
sist  entirely  of  stem  fragments,  the  other  parts  being  entirely  un¬ 
known.  The  genus  ranges  from  Jurassic  horizons  to  those  of  the 
Late  Cretacic  age.  The  species  is  designated  Balanocrinus  mexi- 
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canus}  Its  nearest  relative  appears  to  be  a  form  described  by  P. 
de  Loriol,  as  B.  africanus,  from  the  Late  Cretacic  rocks  of  Tunis, 
which  form  is  less  robust,  and  has  smaller  cirri,  and  finer  joint- 
face  crenulations. 

Balanocrinus  falls  under  the  family  Pentacrinidse,  which  is 
characterized  by  a  stem  development  far  exceeding  that  of  any 
other  crinoids,  attaining  in  the  typical  genus,  Pentacrinus,  a  length 
variously  reported  from  five  to  twenty-one  meters.  These  frag¬ 
ments  are  evidently  remnants  of  stems  of  similar  vigorous  growth, 
as  is  indicated  by  the  very  large  lateral  cirri  seen  on  some  of 
them,  and  confirmed  by  the  fact  that  one  specimen,  about  twenty- 
five  cm.  long,  is  a  part  of  a  stem  which  was  traced  on  the  rock 
for  a  distance  of  about  five  meters.  Balanocrinus  is  distinguished 
from  the  more  widely  known  Pentacrinus  by  the  sculpturing  of 
the  joint  faces  at  the  line  of  union  of  the  columnals,  which  here 
takes  the  form  of  crenulations  around  the  outer  edge  of  the  joint- 
face,  and  not  along  the  sides  of  the  petaloid  sectors  into  which 
the  central  part  of  the  face  is  divided.  This  character  is  thor¬ 
oughly  well  marked  in  these  specimens,  and  by  it  the  occurrence 
of  the  genus  is  proved  for  the  first  time  in  America.  The  ex¬ 
treme  development  of  the  stem,  although  to  be  expected,  has  not 
before  been  so  well  shown  in  this  genus.  As  a  record  of  the  first 
known  occurrence  of  the  genus  Balanocrinus  in  America,  and  of 
the  fuller  exhibition  of  the  stem  characters  than  has  been  hitherto 
available,  it  seems  advisable  to  describe  it  as  a  new  species. 

Frank  Springer 

Late  Paleozoic  Fossils  on  Summit  of  Ozarks.  Recent  discov¬ 
eries  by  Mr.  D.  K.  Greger  of  St.  Louis,  of  Devonic  and  Carbonic 
fossils  on  the  summit  of  the  Ozark  Uplift  add  a  number  of  new 
localities  to  those  already  known,  and  clearly  indicate  that  the 
doming  of  the  region  unquestionably  took  place  subsequently  to 
Paleozoic  times,  and  that  the  Ozarks  did  not  exist  as  an  island  in 
the  broad  epicontinental  seas  ever  since  Cambric  times  as  is  so 
often  so  persistently  urged. 

Presence  of  these  late  Paleozoic  rock  remnants  and  fossils  lons" 

o 

ago  had  critical  bearing  upon  the  age  of  the  Ozark  Dome,  and 
its  concompitant  aspect  of  the  myth  of  an  Ozark  Isle.  The  argu¬ 
ment  for  the  latter  had  strong  support  from  physiography,  as 

1  (Proc.  U.  S.  Nat.  Mus.,  Vol.  hXl,  1922.) 
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urged  by  Davis,  Marbut,  Griswold  and  others.^  It  was  their 
opinion  that  the  antiquity  of  the  Ozark  elevation  could  not  pos¬ 
sibly  have  been  greater  than  Mid  or  Late  Tertic  date. 

Fossils  from  the  now  well  known  Devonic  remnants  in  the  New- 
burg  neighborhood,  in  Phelps  County,  were  familiar  objects  in 
Missouri  collections  so  long  ago  as  1890,  when  they  were  obtained 
in  quantity  by  the  State  Survey.  A  few  years  later  Prof.  E.  M. 
Shepard  also  fully  described  ^  the  Devonic  rocks  on  the  Ozark 
divide  near  Springfield. 

Even  more  convincing  is  the  evidence  that  all  members  of  the 
Mississippian  series  once  completely  mantled  the  Ozark  uplift. 
From  Wright,  Douglas  and  Ozark  counties  on  the  very  top  of  the 
dome  abundant  fossils  characterizing  the  Louisiana  limestone,  and 
the  Hannibal  shales  were  made  known  by  Shumard  ^  so  early  as 
1855.  Burlington  crinoids  were  also  collected  ^  by  the  same  in¬ 
vestigator  in  Ozark  County  in  1855. 

With  the  recent  Greger  identification  of  a  Spergen  fauna  in 
Dade  County  an  Early  Carbonic  member  hitherto  unrecognized  in 
southwestern  Missouri  is  recorded. 

Lithostrotion  canadense  and  Oligoporus  multiporus  as  well  as 
other  characteristic  forms  which  occur  so  abundantly  in  outliers 
in  Dade  County  and  elsewhere  over  the  elevated  tract  of  southwest 
Missouri  amply  attest  the  former  existence  of  the  St.  Louis  lime¬ 
stone  over  the  entire  Ozark  region.® 

Many  years  ago  Prof.  C.  G.  Broadhead  collected  a  quantity  of 
fossils  on  Blancett  Mountain,  near  the  south  Missouri  boundary. 
These  were  identified  with  typical  Kaskaskia  forms  by  E.  O. 
Ulrich  and  myself.®  A  score  of  species  were  specifically  re¬ 
ferred.  This  is  believed  to  be  the  westernmost  record  of  Kas¬ 
kaskia  sedimentation  in  the  Mississippi  Valley. 

So  the  recent  Greger  collections  add  new  localities  on  the  Ozark 
crest  for  late  Paleozoic  fossils  and  again  call  attention  to  the 
significant  fact  that  not  only  are  the  post-Cambrian  formations 
not  absent  over  the  back  of  the  dome,  but  that  all  of  the  late 
Paleozoics  which  are  so  well  developed  in  concentric  escarpments 
around  the  base  of  the  uplift  are  also  present  in  remnantal  patches 

1  Science,  N.  S.,  Vol.  VII,  p.  589,  1898. 

2  Missouri  Geol.  Surv.,  Vol.  XII,  p.  65,  1898. 

3  Missouri  Geol.  Surv.,  Kept.  1871,  p.  206,  1873. 

4  Ibid.,  p.  191. 

5  American  Geologist,  Vol.  XVI,  p.  89,  1895. 

6  American  Geologist,  Vol.  XVI,  p.  89,  1895. 
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over  the  summit  of  the  arched  tract.  The  circumstance  that  these 
remnants  yet  survive  the  vissitudes  of  profound  and  prolonged 
erosion  is  conclusive  evidence  of  the  recency  of  the  uplifting  of 
the  region.  There  appears  to  be,  therefore,  small  doubt  but  that 
all  members  of  the  Devonic  and  Carbonic  sections  once  extended, 
at  no  very  distant  date,  completely  over  the  Ozark  district,  as  they 
still  do  over  the  basal  belt  around. 

Keye:s 

James  Hall  and  American  Paleontology.  The  official  career 
of  James  Hall  of  Albany  extended  over  a  period  of  neary  sixty- 
three  years.  During  this  entire  stretch  of  time,  he  served  the 
same  State  without  interruption.  He  was  a  youth  of  twenty-five 
years  when  he  entered  this  service;  an  old  man  of  eighty-seven 
when  this  service  ceased.  It  is  probable  that  this  record  of  official 
scientific  activity  has  never  been  equaled  in  duration.  During 
his  life  time  he  touched  the  rapidly  developing  science  in  many 
phases ;  in  nearly  all  through  the  periods  of  romantic  adventures.^ 

American  Paleontology’s  great  debt  to  Hall  lies  not  in  the 
monumental  tomes  in  which  he  described  such  hosts  of  ancient 
organic  remains  found  in  the  rocks,  not  in  his  strong  personality 
by  which  he  stimulated  geological  investigations  throughout  the 
land,  but  it  rests  on  the  deep  impress  of  his  genius  in  evolving  a 
broad,  elastic  and  lasting  scheme  of  rock-classification  for  the 
North  American  continent.  Although  his  opus  magnum,  the  New 
York  System,  was  not  destined  to  survive  as  a  unit  as  he  had 
planned,  nor  to  take  the  place  of  Murchison’s  Siluria  as  he  had 
hoped,  his  State’s  rock  succession  stands  today  the  real  founda¬ 
tion  of  American  stratigraphy. 

This  prodigious  effort  was  not  accomplished  without  vast  exer¬ 
tion,  tireless  energy,  and  discouragements  aplenty.  It  was  one 
long  and  continuous  struggle  against  man  and  nature.  No  more 
charming  or  exciting  relation  could  be  had  than  that  lately  told 
by  Doctor  Clarke.^  “The  story  we  have  written  has  had  for  its 
burden  Hall’s  influence  on  science  in  its  personal  setting  and  back¬ 
ground.  But  we  may  appropriately  sum  up  the  matter  in  epitaphic 
form.  James  Hall  was  a  pioneer,  taking  the  best  knowledge  of 
his  day  for  the  foundation  of  his  work.  Quickly  and  keenly  he 
enlarged  and  built  upon  it.  -No  one  in  America  had  caught  and 
interpreted  the  meaning  of  the  stratigraphic  record  as  he  did  in 

1  Life  of  James  Hall,  by  John  M.  Clarke,  565  pp.,  Albany,  1921. 
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his  great  volume  of  1843.  He  was  indeed,  as  McGee  called  him, 
the  Founder  of  American  Stratigraphy.  And  we  are  not  using 
this  term  in  the  same  sense  as  is  commonly  employed  in  referring 
to  the  much  earlier  work  of  William  Smith,  to  whom  must  for¬ 
ever  go  the  honor  of  establishing  identity  of  geological  chronology 
by  identity  of  fossils.  The  present  school  of  students  of  sedimen¬ 
tation  which  is  disposed  to  weigh  more  carefully  new  found  dis¬ 
tinctions  in  lithology  regardless  of  fossils,  will  do  well  to  read  over 
the  volume  referred  to  and  see  how  far^Hall  opened  the  door  to 
this  phase  of  the  modern  science.  In  paleontology  Hall  ever  kept 
the  geological  side  of  the  science  uppermost;  from  its  beginnings 
on  to  near  the  end  of  his  life,  its  purpose  was  never  philosophical 
though  importantly  biological,  but  fundamentally  the  establish¬ 
ment,  through  profusion  of  evidence,  of  the  New  York  series  of 
Geological  Formations. 

“To  those  who  have  pursued  geological  science  after  the  mode 
of  Hall’s  days,  who  have  continued  to  regard  the  study  of  the 
ancient  simple  life  of  the  earth,  its  relation  to  the  seas  and  the 
lands,  its  lights  upon  the  revolutions  in  our  geography,  the  influ¬ 
ence  of  the  man  and  his  work  is  still  a  living  factor  and  must  con¬ 
tinue  to  be,  as  his  seed  has  been  sown  on  good  soil  and  has  pro¬ 
duced  a  vast  harvest.” 

Keyes 

Biotic  Taxonomy  of  Comanche  Succession.  Review  ^  of  the 
paleontology  and  stratigraphy  of  the  Dakota  sandstone  and  its 
associated  formations  on  the  Great  Plains  between  central  Texas 
and  the  Black  Hills,  and  along  the  Rocky  Mountains  front  from 
Mexico  to  Canada,  leads  to  the  conclusion  that  there  is  no  proper 
boundary  between  two  geologic  systems  either  at  the  base  or  at 
the  top  of  the  Dakota  formation.  The  relationship  with  the  Co¬ 
manche  beds  in  Kansas,  southern  Colorado,  and  eastern  New 
Mexico,  and  with  the  overlying  Cretacic  rocks  throughout  its  ex¬ 
tent  is  too  intimate.  It  is  true  that  the  Comanche  fauna  as  a  whole 
is  very  disinct  from  the  later  Cretacic  fauna  as  a  whole,  but  the 
change  from  the  Kiowa,  or  Denison,  fauna  to  the  Woodbine  fauna, 
or  from  the  Woodbine  fauna  to  the  Benton  fauna  shows  little 
if  any  greater  contrast  than  that  which  exists  between  the  Niobrara 

2  Ibid.,  p.  549. 

1  Full  discussion  of  “Some  Problems  Connected  with  the  Dakota  Sandstone,” 
forming  the  Presidential  Address  before  the  Paleontological  Society,  will  be  found  in 
the  Bulletin  of  the  Geological  Society  of  America,  volume  xxxiii,  pages  255  to  272, 
1922. 
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and  Carlile  faunas,  or  between  the  Carlile  and  the  Greenhorn 
faunas,  or  even  between  faunas  of  some  of  the  zones  in  the  Car¬ 
lile  formation  alone.  And  yet  these  faunal  changes  within  the 
later  Cretacic  succession  were  certainly  not  caused  Ly  the  complete 
retreat  and  a  succeeding  advance  of  the  sea.  The  restricted  distri¬ 
bution  of  the  Woodbine  sand  and  its  absence  from  central  and 
southern  Texas  suggest  an  unconformity  at  the  base  of  that  forma¬ 
tion,  or  at  the  bottom  of  the  Eagle  Ford  horizon,^  but  all  recent 
workers  consider  it  unimportant  if  present.  Stephens  ®  has  pre¬ 
sented  evidence  in  favor  of  an  erosion  interval  between  the  Eagle 
Ford  beds  and  the  Austin  chalk,  a  suggestion  which  is  also  sup¬ 
ported  by  the  varying  thickness  of  the  former.  It  is  probable, 
however,  that  all  of  these  unconformities,  so  far  as  they  actually 
exist,  represent  only  local  and  temporary  uplifts  the  influence  of 
which  was  not  felt  over  very  wide  areas. 

The  proposal  to  elevate  the  Comanche  succession  to  the  rank 
of  a  system  under  the  name  Comanchean,  which  was  made  in 
Chamberlin  and  Salisbury’s  Geology  in  1906,  has  never  seemed 
to  mie  to  be  justified  by  the  facts  known  at  that  time,  and  the  argu¬ 
ments  then  advanced  for  it  has  been  tremendously  weakened  by  all 
subsequent  investigations.  Both  the  physical  break  and  the  faunal 
change  at  the  top  of  the  Comanche  section  now  seem  much  less 
important.  In  arguing  for  the  importance  of  the  division  it  was 
assumed  that  the  Comanche  section  has  approximately  the  same 
upper  limit  as  the  European  Lower  Cretaceous,  that  is,  the  base 
of  the  Cenomanian ;  but  many  European  paleontologists  have  long 
referred  the  Washita  beds  to  the  Cenomanian,  and  of  late  the 
paleobotanists  have  become  insistent  on  the  correlation  on  ac¬ 
count  of  the  character  of  the  flora  of  the  Cheyenne  sandstone. 
I  have  often  stated  ^  in  print  that  the  Washita  beds  may  be  in 
part,  at  least,  Cenomanian,  when  explaining  that  “the  whole  of 
the  Comanche  Series  is  treated  as  Lower  Cretaceous,  because,  in 
the  Texan  area,  the  top  of  the  Comanche  section  is  the  only 
natural  and  satisfactory  major  plane  of  division  in  the  Cretaceous.” 
Some  of  those  who  accept  the  correlation  of  the  Washita  forma¬ 
tion  with  the  Cenomanian,  and  wish  to  recognize  two  systems 
within  the  general  Cretacic  succession  have  tried  to  harmonize 

2  Bulletin  of  University  of  Texas,  No.  44,  p,  72,  1916. 

3  Prof.  Paper,  U.  S.  Geol.  Survey,  No.  120,  p.  148,  1918. 

4  See  for  example:  Journal  of  Geology,  Vol.  V,  pp.  583  and  656;  also  idem., 
Vol.  XVII,  p.  416,  1909;  also.  Mo.  U.  S.  Geol.  Surv.,  Mo.  XPIV,  p.  14,  1903. 
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the  American  with  the  European  classification  by  restricting  the 
term  Comanchean  to  the  pre-Washita  rocks.  A  more  artificial 
systemic  boundary  could  hardly  be  drawn.  No  one  well  ac¬ 
quainted  with  the  Comanche  fauna  and  with  the  field  relations 
of  the  Comanche  rocks  could  accept  such  a  boundary  between 
systems,  or  such  a  restriction  of  the  title  Comanche  which  is  now 
applied  to  a  perfectly  natural  provincial  series. 

In  southern  Texas,  on  Devils  River,  and  on  the  Rio  Pecos,  as 
has  been  stated  by  Dumble  and  other  Texan  geologists,  and  con¬ 
firmed  by  my  own  field  observations,  there  is  a  complete  lithologic 
transition  from  the  Fredericksburg  limestones  to  the  Washita  beds, 
and  a  recurrence  of  the  Fredericksburg  faunal  facies  high  in  the 
Washita  rocks  just  beneath  the  Del  Rio  formation.  I  refer  to 
the  persistence  of  the  Edwards  limestone  type  of  lithology  in  the 
equivalent  of  the  Georgetown  limestone,  and  the  recurrence  of  the 
Edwards  faunal  facies,  characterized  by  certain  rudistid  and 
nerinean  types,  above  beds  with  characteristic  Georgetown  fossils. 
Making  due  allowance  for  differences  in  faunae  due  to  littoral, 
deeper  water,  and  reef  facies,  all  of  which  are  present  in  the  Co¬ 
manche  sequence,  the  entire  Comanche  fauna  is  a  unit  showing 
only  such  progressive  changes  as  are  to  be  expected  within  a  series. 

From  all  these  considerations,  and  from  others  which  can  not 
be  detailed  here,  the  conclusion  is  reached  that  the  Comanche  suc¬ 
cession,  as  defined  by  R.  T.  Hill,  is  a  good  provincial  series;  but 
in  my  opinion  the  term  should  be  restricted  to  rocks  in  Texas  and 
Mexico,  and  to  those  of  adjacent  regions  that  can  be  strictly  cor¬ 
related  with  them.  Its  application  as  a  series  term  to  the  Early 
Cretacic  sediments  of  the  Pacific  Coast  is  not  justified  by  the 
present  state  of  knowledge,  and  the  recognition  of  Comanchean 
as  a  system  of  world-wide  application  is  still  less  justified. 

Timothy  W.  Stanton 

Employment  of  Geologists.  Some  things  are  seen  clearly;  and 
some  things  I  see  not  so  clearly.  Not  being  superstitious,  spooky 
shadows  and  the  like  are  not  mistaken  for  ghosts,  but  rather  are 
credited  with  being  real  things  that  are  made  shadowy  by  the 
foreground  over,  or  through,  which  they  are  viewed.  It  seems 
now  just  as  glorious  to  be  a  genuine  geologist  as  it  did  thirty  years 
ago  in  the  anticipation.  But,  being  it  looks  far  less  clearly  and 
not  so  great  a  success.  Not  that  the  Bryan  attack  on  Biologic 
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Evolution  has  hit  us  geologists  and  clouded  our  outlook,  for  the 
greatest  of  all  evidence  recorded  of  Biologic  Evolution,  the  traced 
geologic  record  of  fossil  faunas,  has  not  even  been  touched  by 
him  yet.  Yet  it  does  appear  as  if  the  geology  professors  had  not 
been  about  their  most  proper  business,  or  else  Mr.  Bryan  would 
not  now  dare  to  be  attacking  our  pet  theory.  Evolution,  and  say¬ 
ing  things  about  our  fellow  scientists,  the  biologists. 

If  geologists  had  been  as  earnest  in  their  educational  functions 
as  they  have  been  in  a  sort  of  employment  bureau  activity,  pos¬ 
sibly  our  glory  might  not  now  be  threatened  by  this  new  smoke 
screen.  Is  it  oratorical  license,  or  a  new  sort  of  priest  craft,  that 
allows  Mr.  Bryan  to  so  severely  deny  the  truth  of  some  of  our 
evolution  theories?  But  what  geologist,  who  has  ever  written  a 
“favorable  report”  for  an  oil  promotion  company,  will  throw  the 
first  stone  at  him,  no  matter  what  his  motives  are? 

The  petroleum  and  natural  gas  miner’s  saying  that  nobody  trusts 
a  “rock-hound”  has  been  heard  too  often.  This  may  be  why  Mr. 
Bryan  has  not  asked  some  one  for  a  “favorable  report.”  Of 
course  those  who  say  it  may  not  believe  it  all  themselves,  and  in 
fact  those  of  them  who  are  selling  stock  to  the  public  contradict 
it,  the  geologist  being  then  the  big  hero  of  the  story  as  often  as  not. 
And  yet,  the  public  is  confused  more  or  less  by  such  things  in  its 
opinion  of  geologists,  even  when  financial  matters  are  not  in  sight. 
So,  if  Dr.  H.  F.  Osborn  now  succeeds  in  finding  a  whole  fossil 
chain  of  connecting  links  between  apes  and  men,  while  he  is  in 
Asia,  Mr.  Bryan  will  probably  not  believe  him;  and  I  should  be  a 
little  skeptical  myself  about  so  great  a  success  all  at  once.  The 
Cardiff  Giant  and  the  Connecting  Link  are  somehow  again  too 
closely  together  on  the  dim  horizon  of  the  public  mind.  Our 
glory  shines  through  clouds. 

If  our  glory  be  dimmed,  what  is  demanded  most  by  many  or  most 
of  geologists,  regardless  of  the  glory  of  being  genuine,  is  success¬ 
ful  employment  in  these  times.  The  employment  bureau  function 
of  our  universities  has  seemingly  committed  me  to  the  need  of 
something  besides  the  pursuit  of  glory.  Fellow  geologists  are 
mostly  if  not  all  in  the  same  position. 

There  may  be  some  self-made  geologists,  and  good  ones  too,  but 
most  of  us  are  university  product.  In  the  universities  it  happens 
that  the  call  to  a  glorious  and  even  more  profitable  profession  leads 
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our  student  minds.  A  sort  of  unsuspected  employment  bureau 
function  draws  us  in.  Scholarships,  or  fellowships,  at  public  or 
private  expense,  bait  the  best  of  us.  Prospect  of  a  glorious  and 
successful  employment  by  the  Government  or  by  a  State,  proves  to 
be  the  thoroughfare  that  leads  to  a  private  corporation  employment 
on  its  own  terms.  Then,  a  three-years’  contract  at  low  wage, 
followed  by  another,  appears  to  have  been  too  often  the  reality 
that  awakened  the  geologist. 

At  last,  however,  a  geologist  may  work  for  himself.  Even 
should  his  field-work  have  not  been  very  instructive,  or  have  been 
on  much  narrower  and  more  broken  lines  than  he  had  hoped  for ; 
even  if  he  know  little  of  the  underlying  problems  in  fact ;  yet  at 
least  he  is  in  position  to  pretend  that  he  knows  by  experience  and 
knows  it  all.  It  is  a  very  poor  geologist  who  has  no  friends. 
The  promoter  of  new  corporations  needs  his  hard  earned  reputa¬ 
tion  for  aid  in  or  to  shield  some  new  promotions  plan.  Liberal 
payment  is  promised  for  a  “favorable  geologic  report,”  and  a 
premium,  if  the  public  takes  stock  enough  in  the  new  company. 
The  way  to  opulence  and  independent  effort  appears  to  lie  through 
an  open  door.  The  saying  of  the  people,  that  thousands  get  rich 
by  taking  chances  and  some  become  millionaires,  is  the  largest  and 
shallowest  bonanza  of  them  all. 

Over  the  doorway,  there  is  now  posted  a  “blue  sky”  law.  Com¬ 
missioners  stand,  key  in  hand  at  a  second  doorway  just  beyond 
the  first.  Oh  yes,  they  have  all  heard  of  those  geologists  and 
mining  engineers  long  ago.  The  Government  employs  the  best  of 
them  for  $5  to  $10  a  day,  at  real  geologic  work.  Largest  corpor¬ 
ations  pay  $100  to  $200  a  month  for  good  true  workers  of  that 
kind.  This  item,  $30,000  a  year  for  a  geologic  expert  in  the  new 
company’s  plans  and  application  for  license  to  sell  stock,  looks  a 
little  prodigal  to  the  Commissioners.  The  fatted  calf  was  killed 
and  eaten  years  ago,  they  have  heard.  What  remains  is  some 
small  poultry  and  prodigals  are  not  now  admitted  to  the  luncheon. 

“And  Peter  said :  T  go  fishing’.”  It  will  now  be  remembered 
by  all  good  geologists  that  Saint  Peter  did  not  fish  long,  but  soon 
went  back  to  his  Master’s  work.  And,  who  is  our  master  in  this 
case?  That  is  just  what  I  said  to  begin  with,  that  there  are  some 
things  not  seen  clearly.  Perhaps  some  geologists  were  sold  when, 
as  students,  they  “took  stock”  in  a  university’s  geology  depart- 
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merit’s  promotion.  Not  all  geologists  may  think  so,  or  feel  just 
that  way,  but  that  we  are  all  sold  cheap  is  really  no  good  reason 
why  we  should  in  turn  be  licensed  to  sell  out  the  public.  What 
does  the  public  know  about  our  glorious  ambitions  to  be  genuine 
geologists,  or  our  right  to  a  successful  enterprise  after  that  glory 
has  faded,  or  been  bleached  out  of  us?  Why  not  rather  turn  our 
attention  to  the  schools  through  which  we  entered  for  a  career? 
The  Honorable  W.  J.  Bryan  may  possibly  be  right  about  some 
of  the  professors,  if  not  about  the  evolution  theories  themselves. 
The  evolution  of  a  geologist  may  be  a  good  subject  for  careful 
thought  —  before  Bryan  gets  to  it. 

If  the  State  is  to  limit  the  geologist’s  opportunities  by  its  “blue 
sky”  laws  in  a  commercial  w^ay  it  should  also  clearly  revise  the 
teaching  of  geologists  to  less  practical  and  more  glorious  ways,  for 
the  future.  For,  if  “no  one  trusts  a  rock-hound”  who  then  should 
care  to  become  a  “pebble-pup?” 

As  “geologic  expert,”  serving  a  State  Securities  Commission 
for  the  last  five  years,  I  have  been  convinced  that  geologists  are 
getting,  and  are  to  get  for  a  while  yet,  ten  per  cent,  or  perhaps  a 
little  more,  of  the  good  work  that  we  would  have  been  getting  if 
the  business  man  trusted  us  fully  and  the  public  believed  in  our 
glory.  We  have  been  very  brilliantly  led  by  ethically  blind  men 
into  what  is  not  much  better  than  a  ditch. 

F.  W.  Sardeson 

Devonic  Outliers  on  the  Missouri  Highlands,  Another  record  of 
remnantal  Paleozoics  on  the  top  of  the  Ozark  Uplift  is  that  of  a 
large  Devonic  outlier  near  Rolla,  in  Phelps  County,  Missouri. 
The  importance  of  the  Bridges  and  Charles  discoveries  ^  lies  in  the 
circumstance  that  these  workers  are  put  into  possession  of  so  large 
a  variety  of  fossils,  no  less  than  forty  species  being  satifactorily 
identified. 

In  making  the  faunal  comparisons  the  latter  probably  should  not 
be  made  solely  with  the  forms  occurring  in  the  Devonic  limestones  * 
of  the  east,  the  nearest  outcrops  of  which  are  no  nearer  than  100 
miles  distant,  but  also  with  those  of  the  better  known  Devonic 
limestones  to  the  north,  the  exposures  of  which  are  only  forty  to 
fifty  miles  away.  Close  inspection  will  doubtless  disclose  the  fact 

1  Journal  of  Geology,  Vol.  XXX,  p.  450,  1922. 
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that  the  faunas  of  the  Grand  Tower  limestone  and  those  of  the 
Callaway  limestone  are  not  nearly  so  distinct  as  is  now  assumed. 

Admission  by  those,  who  have  always  upheld  a  Paleozoic  Ozark 
Isle,  that  “The  presence  of  a  Grand  Tower  outlier  at  Rolla  indi¬ 
cates  much  greater  submergence  of  the  Ozark  Uplift  [region] 
during  Onondaga  time  than  has  commonly  been  supposed,”  now 
reduces  the  premised  Devonic  land  area  of  the  Ozark  tract  to  a 
few  inconsequential  peaks  known  as  the  St.  Francois  Mountains. 
But  why  especially  exempt  these  little  porphyry  peaks?  Their 
tops  are  only  600  feet  above  the  level  of  the  upland  plains  surface 
at  Rolla,  and  800  feet  above  their  own  bases.  Surely  these  De¬ 
vonic  limestones  are  not  laid  down  in  less  than  100  fathoms  of 
water!  Physiographers  all  agree  that  more  than  1,000  feet  of 
rocks  are  removed  from  the  Ozark  area  in  very  late  geological 
times,  during  the  Tertic  peneplanation  alone  for  that  matter. 
Thus,  the  St.  Francois  Peaks  really  owe  their  present  supremacy 
to  their  relatively  hard  granitic  and  porphyritic  substructures. 

What  is  now  needed  before  all  else,  with  the  adequate  collec¬ 
tions  of  well-preserved  organic  remains  at  last  at  hand  ,is  refined 
adjustment  of  the  Grand  Tower  section  of  east  Missouri  to  the 
Callaway  limestone  of  the  central  part  of  the  State.  Professor 
Weller’s  extensive  accumulations  of  fossils  from  the  former, 
D.  K.  Greger’s  fine  suites  from  the  latter,  and  the  Rolla  specimens 
from  between  should  give  us  the  long  longed  for  desiderata. 

Keyes. 
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PIONEER  GEOLOGICAL  EXPLORATIONS  OF 

EDWIN  JAMES 

By  Charles  Keyes 

In  the  glow  of  recent  advances  in  international  geology  memory 
goes  back  to  a  pioneer  accomplishment  long  since  neglected,  lost, 
and  forgotten,  that  deserves  rescue  from  under  the  accumulated 
dusts  of  the  decades  and  that  calls  for  proper  setting  among  the 
larger  New  World  achievements  in  earth  science.  Like  Thomas 
Nuttairs  contributions,  Edwin  James’  service  to  botany  are  so 
signally  important  and  so  voluminous  that  the  fact  that  he  pro¬ 
duced  truly  notable  results  in  the  field  of  geology  entirely  dis¬ 
sipates.  Although  so  long  passed  beyond  ken  this  really  dis¬ 
tinguished  New  York  physician  has  clear  title  to  high  and  honor¬ 
able  niche  among  the  pioneers  and  fathers  of  American  geology. 

Lured  by  fatal  call  of  the  wild,  the  free,  and  the  remote. 
Doctor  James,  without  slightest  hesitation,  gave  up  his  lucreative 
medical  practice  in  New  York  to  attach  himself  to  the  famous 
Long  Exploratory  Expedition  to  the  Rock  Mountains.  This 
was  just  a  century  ago.  With  Thomas  Say  as  zoologist.  Doctor 
William  Baldwin  as  botanist,  and  a  Mr.  A.  E.  Jessup  as 
mineralogist,  Edwin  James  served  as  geologist.  After  the  death 
of  Baldwin  early  in  the  journey.  Doctor  James  also  assumed  the 
botanical  duties.  In  both  of  these  fields  he  made  many  novel  and 
fundamental  observations.  On  the  return  of  the  exploratory 
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party  to  the  East  Doctor  James  was  selected  narrator  of  the  ex¬ 
pedition.  His  own  copious  records  and  the  very  full  notes  of 
several  other  members  of  the  company  enabled  him  to  perform 
the  task  with  great  credit.  This  compilation,  which  was  published 
in  Philadelphia,  in  1823,  occupied  two  thick  volumes  and  an  atlas. 

Finally  giving  up  his  vocation  in  the  East  Doctor  James  set¬ 
tled  near  Burlington,  Iowa,  where  he  dwelled  a  foremost  and 
public  spirited  citizen  for  more  than  25  years.  Although  in  this 
later  period  of  his  life  he  appeared  not  to  have  been  so  active  in 
scientific  persuits  as  he  previously  had  been,  he  seemed  to  have 
had  much  influence  in  shaping  the  geological  careers  of  a  number 
of  Iowa  men.  Of  a  then  younger  generation  who  knew  him  well 
were  White,  Thieme,  Love,  Barris,  Worthen  and  Wachsmuth. 
Among  his  other  geological  friends  in  the  West  were  Owen, 
Shumard,  Evans,  King,  Swallow,  Englemann,  Norwood  and 
Broadhead.  As  a  scientist  he  was  best  known  among  the  botan¬ 
ists  of  the  country.  Yet  his  geological  work  was  of  high  order  for 
its  time,  and  was  really  one  of  the  larger  undertakings  of  his  day. 

Edwin  James  was  born  at  Weybridge,  Vermont,  on  August  27, 
1797.  The  family,  of  sturdy  Puritan  stock,  originally  settled  in 
Rhode  Island,  but  at  the  beginning  of  the  Revolutionary  War  re¬ 
moved  to  Addison  County,  in  the  northern  part  of  the  Green 
Mountain  state.  Edwin’s  boyhood  was  spent  on  the  farm;  but 
he  managed  to  attend  rather  regularly  the  grammar  school  at 
Middlebury.  He  was  graduated  from  Middlebury  College  in 
1816.  Two  years  later  he  went  to  Albany,  N.  Y.,  to  study 
medicine  with  his  brother  Dr.  John  James,  who  was  a  physician 
with  wide  acquaintance.  There,  after  another  two  years,  he  was 
admitted  to  practice. 

During  his  sojourn  in  Albany,  young  James  fell  in  with  Dr. 
Amos  Eaton,  the  most  distinguished  geologist  of  his  day  and  a 
follower  in  the  old  Wernerian  School.  Eaton  at  this  time  was 
giving  lectures  on  geology  and  botany  under  the  auspices  of 
Governor  DeWitt  Clinton  who  was  greatly  interested  in  science. 
Between  Eaton  and  James  a  warm  friendship  sprung  up  which 
lasted  until  the  death  of  the  former.  During  the  years  1819  and 
1820,  James  served  with  the  Long  Expedition  to  the  Rocky 
Mountains  and  was  its  narrator. 

After  the  return  and  disbanding  of  the  Western  expedition 
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Doctor  James  was  appointed  agent  to  the  Osage  Indians  at 
Council  Bluifd  There  he  remained  only  a  few  months  when  he 
went  back  to  Albany,  where  for  several  years,  with  one  E.  C. 
Delevan,  he  conducted  and  published  a  temperence  journal. 

In  1824,  Doctor  James  was  married  to  Clarissa  Rogers,  of 
Glouchester,  Massachusetts.  Soon  after  this  event  he  was  ap¬ 
pointed  a  surgeon  in  the  United  States  Army  and  was  detailed 
first  at  Fort  Crawford,  near  the  present  city  of  Prairie  du  Chien, 
Wisconsin ;  and  afterwards  at  Mackinac,  Michigan.  Finally, 
resigning  his  post  in  the  Army,  he  removed,  in  1836,  to  Rock 
Springs,  near  Burlington,  Iowa,  where  he  homesteaded  320  acres 
of  farm  land. 

He  devoted  the  remainder  of  his  life  to  agricultural  pursuits. 
As  Dr.  Perry  observes :  It  was  about  this  time  that  some  peculiar 
traits  which  distinguished  Doctor  James  as  a  strange  man,  be¬ 
came  conspicuous.  His  mode  of  life,  his  opinions,  and  his  views 
on  moral  and  religious  questions  generally  were  inclined  to 
ultraism.  Failing  to  find  earnest  sympathy  among  those  with 
whom  he  was  thrown  in  contact,  he  gradually  assumed  the  habits 
of  a  recluse.  Indifferent  always  to  public  opinion,  he  marked  out 
and  pursued  his  own  course  without  regard  to  the  views  of  others. 
Strictly  honorable  in  all  of  his  dealings  with  mankind,  and 
naturally  kindhearted,  he  did  not  care  to  waste  his  sympathy  where 
it  would  not  be  appreciated.  With  him  to  espouse  a  cause  was 
to  carry  it  to  the  farthest  possible  extremes.  In  full  justice, 
however,  to  his  many  amiable  traits  of  character  it  must  be  ad¬ 
mitted  that  his  errors  were  on  the  side  of  goodness,  and  in  all  his 
waywardness  he  never  forfited  his  self  respect,  or  the  attachment 
of  those  who  had  known  him  in  early  life. 

He  died  at  Rock  Springs  on  October  28,  1861. 

Notwithstanding  the  fact  that  by  the  present  generation  his 
geologic  descriptions  are  often  not  easily  interpreted  in  their 
somewhat  archaic  garb  James  was  in  reality  in  the  very  forefront 
of  his  times.  Dispite  his  strong  Wernerian  predilections  gained 
from  his  close  contact  with  his  master  and  William  McClure, 
nestor  of  Werner  ism  in  America,  James^  early  training  in  botany 
and  his  intimate  association  with  the  zoologist  Thomas  Say,  led 

1  Council  Bluff  was  a  Lewis  and  Clark  Indian  station  several  miles  above  the 
present  site  of  Omaha,  and  on  the  west  side  of  the  Missouri  River.  Council  Bluffs, 
Iowa,  on  the  east  side  of  river  was  a  later  settlement. 
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him  to  appreciate  so  quickly  the  superior  import  of  the  then  new 
paleontological  principles  advanced  by  William  Smith,  in  England, 
that  his  stations  on  the  Long  Expedition  are  readily  marked  and 
located  geologically  by  the  fossils  which  he  noted.  Viewed  at  this 
angle  his  desultory  and  meaningless  observations  sometimes 
alleged  acquire  a  fundamental  significance,  a  modern  interpreta¬ 
tion,  and  a  fascinating  interest.  All  of  his  observations  are  now 
easily  adjusted  to  the  most  modern  rock-scheme  that  we  have. 

For  his  day  and  station  Doctor  James  was  by  all  odds  the  most 
strictly  up-to-date  student  of  earth  science  in  America.  Only 
Thomas  Nuttall  preceded  him  in  adopting  the  then  novel  English 
methods  of  modern  stratigraphic  correlation.  In  this  respect, 
however,  James  was  specific  and  critical,  where  Nuttall  was 
general  and  loose.  By  a  full  decade  James  antedated  George 
Morton,  Lardner  Vanuxem  and  others  of  that  early  and  famed 
New  York  coterie  of  fossils  brethren  that  had  taken  up  seriously 
and  vigorously  the  study  of  ancient  organic  remains  which  they 
found  entombed  in  the  rocks  of  their  native  state.  So  important 
at  this  time  were  the  relics  of  life  regarded  by  James  that  he  took 
particular  pains  to  incorporate  in  his  expedition  narrative  many 
descriptions  of  new  species  furnished  him  by  Say.  Neither 
Thomas  Conrad,  James  Hall,  or  David  Dale  Owen  had  yet  ap¬ 
peared  upon  the  paleontological  stage.  As  a  co-pioneer  of  Nut¬ 
tall,  James’  eflforts  merit  fullest  consideration.  His  generaliza¬ 
tions  belong  to  the  generation  that  came  after  him,  so  far  had 
he  put  forward  the  skirmish  line. 

Doctor  James’  most  notable  geological  achievement  was  the  ex¬ 
tension  of  McClure’s  cross-section  of  the  Forty-first  parallel  from 
the  Alleghenies  to  the  Rocky  Mountains.  In  that  early  day  and 
across  a  primeval  wilderness  the  construction  of  a  rock-diagram 
representing  a  line  1500  miles  long  was  a  work  of  no  small  magni¬ 
tude.  Crude  as  the  results  may  appear  at  this  enlightened  day 
the  wonderful  absence  of  contracted  structures  largely  obviated 
any  serious  errors  which  might  have  been  otherwise  included. 

A  noteworthy  feature  brought  out  in  the  geological  cross-section 
was  the  geotectonic  simplicity  of  the  continental  interior  which  was 
composed  of  strata  flat-lying  and  undisturbed  except  at  the  ends 
where  they  were  sharply  upturned.  Thus  early,  though  some¬ 
what  faintly,  perhaps,  was  suggested  that  basin-shaped  character 
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of  the  continent  of  which,  at  a  later  date,  Prof.  J.  D.  Dana  made 
so  much,  and  which  formed  the  basis  of  his  famous  theory  of 
the  permanancy  of  the  continents. 

The  remarkable  way  in  which  Doctor  James  kept  himself 
abreast  of  his  times  in  matters  geological  is  amply  attested  by 
a  single  circumstance.  He  correctly  and  formally  introduced 
into  American  geological  literature  Conybeare’s  term  Carbonif¬ 
erous  within  a  few  months  of  the  English  author's  first  usage  of 
the  title.  Although  his  correlations  were  not  always  so  exact  as 
they  might  have  been,  in  the  main  his  arguments  were  invariably 
singularly  valid.  He  directed  especial  attention  to  the  fact  that 
these  rocks  were  absent  between  the  Red  Sandstones  and  the 
Primitive  Granites  along  the  Rocky  Mountain  front.  In  the 
eastern  Ozarks  he  endeavored  to  separate  from  them  the  sparry 
dolomites  which  we  now  class  as  Cambric  in  age.  One  serious 
mistake  that  he  made  remained  a  stumbling  block  for  almost  fifty 
years  to  confuse  geologists  who  worked  in  the  region.  The  lime¬ 
stones  of  the  Upper  Coal  Measurers,  exposed  along  the  Missouri 
River  between  the  mouths  of  the  Kansas  and  Platte  Rivers,  he 
paralleled  with  the  Mountain  Limestone,  or  Early  Carbonic  series, 
of  the  Mississippi  River  bluffs.  Thus  he  was  led  to  regard  the 
coal  deposits  as  disposed  in  a  shallow  basin,  with  the  underlying 
limestone  bending  upwards  and  reaching  sky  on  either  side.  In 
some  of  his  conclusions  concerning  the  distribution  of  the  Car¬ 
bonic  rocks  he  was  also  led  astray  by  the  earlier  statements  of 
Nuttall  regarding  the  identifications  of  fossils  with  those  described 
by  Martin  in  the  Petrifacta  Derhiensia. 

Of  the  fluor  deposits  of  Shawneetown,  in  southeastern  Illinois, 
James  gave  lucid  description.  The  occurrence  since  became  one 
of  the  most  important  sources  of  this  mineral  in  the  United  States. 
On  his  horse-back  trip  across  country  from  St.  Louis  to  the 
Council  Bluff  he  identified  the  Coal  Measures,  and  pronounced,  as 
his  opinion,  that  some  day  the  deposits  would  prove  to  be  of  very 
great  value,  a  prediction  which,  although  resting  upon  very 
transslender  observation,  final  developments  showed  to  far  surpass 
the  most  sanguine  anticipations.  Referring  to  the  loess  surmount¬ 
ing  the  Missouri  River  bluffs  opposite  the  mouth  of  the  Platte, 
he  described  it  as  “principally  sand  in  the  most  minute  state  of 
division,  but  intermingled  with  remains  of  organized  beings." 
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Thus  he  early  discriminated  the  most  essential  physical  character¬ 
istic  of  this  wide-spread  and  singular  deposit.  Acting  upon  this 
determination  Owen  in  later  years  aptly  denominated  the  forma¬ 
tion  the  silicious  marl. 

The  stratigraphic  feature  which  most  impressively  struck  Doctor 
James  upon  reaching  the  Rocky  Mountains  was  the  wholly  un¬ 
expected  absence  of  the  Transition  beds  and  Primitive  limestones  , 
(Paleozoics)  which  should  by  all  theories  appear  between  the 
upturned  sandstones  of  mountain  front  and  the  Primitive  granites 
of  the  central  massif.  For  this  astounding  circumstance  he  was 
utterly  unable  to  offer  any  satisfactory  explanation.  On  the 
bluffs  of  the  Mississippi  River  below  St.  Louis  he  had,  only  a 
little  while  before,  come  to  know  these  rocks  missing  in  the 
Rockies  and  to  recognize  their  fossils.  That  he  did  hot  find  his 
expectations  fulfilled  was  to  him  both  a  very  great  surprise  and 
a  very  deep  mystery.  However,  his  faith  in  Wernerism  in  which 
he  had  been  so  thoroughly  schooled  was  badly  shaken.  Nor  did 
he  renew  acquaintance  with  these  Secondary  limestones  until 
he  got  back  to  the  Ozark  region  in  what  is  now  Oklahoma. 

With  wonderful  breadth  of  mind  and  not  a  little  astuteness 
James  discussed  the  geological  relations  of  the  red  sandstones 
which  are  abruptly  upturned  to  form  “hog-backs”  along  the  Rocky 
Mountain  front.  Lithologically  he  compared  them  with  the 
brown  New  Jersey  freestones  of  which  New  York  was  built, 
and  which  we  now  designate  as  Triassic  sandstones.  From  some 
organic  remains  which  he  found  he  paralleled  the  standstones 
with  the  Rothtodtliegendes  of  Germany,  or  the  Permian  as\we 
now  know  them,  and  the  Bunter  Sandstein,  or  Triassic  of  later 
nomenclature.  Also  he  definitely  correlated  these  rocks  with  the 
New  Red  Sandstone  of  England,  —  a  determination  which  securely 
stands  today  after  the  elapse  of  a  hundred  years.  On  the  return 
trip,  down  the  Arkansas  River,  he  passed  for  many  hundreds  of 
miles  over  these  inhospitable  red  beds  yet  they  were  to  him  a 
constant  source  of  new  and  fertile  thought. 

Belonging  to  the  Heroic  Age  of  Geology,  Doctor  James  nar¬ 
rowly  escaped  becoming  one  of  its  commanding  figures.  In  that 
greatest  of  all  historic  controversies  between  the  Neptunists  and 
the  Plutonists  he  was  the  only  American  who  ever  took  conspicu¬ 
ous  part.  Had  he  been  able  to  spread  his  telling  observations  before 
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the  members  of  the  learned  societies  of  European  Capitals,  or  had 
he  had  the  foresight  to  publish  his  fundamental  results  and  conclu¬ 
sions  in  the  transactions  of  some  of  the  philosophical  associations 
oi  that  day,  instead  of  consigning  them  to  a  grave  among  the  pages 
of  worthless  and  little  read  government  documents,  his  name  might 
have  been  indited  high  among  those  of  the  founders  of  our  science. 
But  the  American  geologist  was  on  a  rapid  military  reconnais¬ 
sance  where  his  time  was  not  his  own,  on  the  other  side  of  the 
earth  from  where  the  scientific  conflict  was  raging,  a  thousand 
miles  from  nearest  habitation,  on  the  verge  of  starvation,  and 
traversed  only  the  bare  margin  of  that  vast  and  magnificant 
volcanic  field  which  afterwards  became  known  by  the  Spanish 
title  of  the  Mesa  de  Maya  in  what  was  to  become  the  southeastern 
part  of  the  State  of  Colorado.  All  too  late  it  is  now  known,  it 
contained  a  key  to  the  then  very  vexed  problem  which  so  disrupted 
geologic  thought  at  the  dawn  of  the  last  century. 

Starting  out  on  his  famous  journey  as  ardent  a  Neptunist  as 
Werner  himself  might  have  wished,  he  returned  the  most  en¬ 
thusiastic  Huttonian  that  the  Western  World  ever  produced. 
His  conversion  was  instantaneous  on  entrance  into  those  marvelous 
basaltic  fields  which  gird  the  Spanish  Peaks.  The  alertness  of 
his  mind,  the  keenness  of  his  observational  powers  and  the  sound¬ 
ness  of  his  scientific  reasoning  were  never  more  brilliantly  dis¬ 
played  than  at  this  time  in  the  simple  statements  which  he  made 
on  the  enigmas  which  rose  before  him  to  be  unravelled.  The 
critical  evidences  which  he  then  adduced  found  no  better  formula¬ 
tion  by  those  w^ho  came  after  him. 

Still  calling  these  basalts  by  their  old  Wernerian  title  of  the 
“Newest  Floetz  Trap  Formation”  he  naively  yet  judiciously 
noted : 

We  are  not  diposed  to  enter  into  any  discussion  concerning  the 
origin  of  the  trap  rocks.  The  vulcanists  and  those  who  believe  the 
trap  formations  to  have  been  thrown  up  in  a  state  of  fusion  from 
beneath  the  crust  of  the  earth  will  have  a  ready  explanation  of  the 
fact  mentioned  in  our  journal,  namely,  that  pieces  of  charred  wood  2 
were  found  inclosed  in  the  sandstone  underlying  the  formation  in 
question. 

Though  we  sought  in  vain  for  some  evidence  that  the  rocks  of  this 
formation  traversed  the  strata  of  sandstone  in  the  manner  of  the 
whin  [diabase]  dikes  of  England,  we  are  conscious  that  our  examina- 


2  Lignite  fragments.  —  Ed. 
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tions  were  too  limited  to  justify  us  in  asserting  that  this  is  not  the 
case,  nor  can  we  adduce  a  single  fact,  from  which  it  could  be  in¬ 
ferred,  that  these  rocks  have  been  deposited,  like  the  accompanying 
strata  of  sandstone,  from  suspension  in  water.  We  saw  no  instance 
of  their  alternation  with  the  sandstones,  and  no  appearance  of  the 
gradual  transition  of  these  rocks  into  each  other. 

The  country  occupied  by  this  formation  presents  scenery  of  a  very 
peculiar  and  interesting  character.  It  is  remarked  by  Humboldt, 
that  in  the  Canary  Islands,  in  the  mountains  of  Auvergne,  in  the 
Mittelgebirge  of  Bohemia,  in  Mexico,  and  on  the  banks  of  the  Ganges, 
and  we  may  add  in  the  United  States,  the  formation  of  trap  is  in¬ 
dicated  by  a  symmetrical  disposition  of  the  mountains,  by  truncated 
cones,  sometimes  insulated,  sometimes  grouped,  and  by  elevated 
plains,  both  extremities  of  which  are  crowned  by  a  comical  rising. 
In  some  of  the  [our]  unpublished  drawings  by  Mr.  Seymour,  these 
peculiar  features  of  the  scenery  of  the  Floetz  Trap  formation  have 
been  preserved. 

\ 

Had  the  expedition  of  which  he  was  a  party  chanced  to  pass 
a  few  miles  farther  south,  instead  of  hugging  so  closely  the 
Arkansas  River,  and  thus  had  penetrated  the  interior  of  the  Mesa 
de  Maya  lava-fields  there  would  have  been  found  on  every  hand 
innumerable  and  incomparable  examples  of  those  very  “whin- 
stone  dykes’’  of  Scotland  which  James  so  longed  to  touch,  and 
trap  flows  would  have  been  seen  to  have  metamorphosed  the  strata 
on  which  they  rested ;  and  perhaps  some  of  those  situations  would 
have  been  encountered  where  ancient  lignite  beds  were  trans¬ 
formed  by  the  once  molten  and  mobile  lavas  into  anthracite  and 
even  graphite^  It  is  a  singular  fact  that  no  spot  in  all  this 
region  was  reached  where  the  porous  amygdaloids,  of  which  so 
much  was  made,  and  the  compact  greenstones  were  not  discovered 
in  such  close  juxtaposition  as  to  leave  no  uncertainty  that  the 
former  was  but  the  surface  portion  of  the  latter.  So  near  some¬ 
times  do  we  come  without  realizing  it  at  the  time  upon  the 
solutions  of  the  great  problems  of  life. 

Certain  minor  geological  records  made  by  Doctor  James  on 
this  famous  Long’s  Expedition  are  not  without  great  interest 
especially  when  taken  in  connection  with  the  rather  remarkable 
developments  of  many  years  afterwards.  In  southeastern  Colo¬ 
rado  he  observed  some  strange  porous  soils  [adobe]  which  he 
compared  with  pumice,  and  which  he  thought  were  identical  with 
the  fine  silts  brought  down  by  the  muddy  waters  of  the  Missouri 
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River.  Of  course  their  eolian  origin  was  then  entirely  un¬ 
suspected.  Well  down  on  the  Canadian  River  he  collected  fossil 
Gryphaeas  and  Ostreas  from  a  compact  limestone  which  we  now 
assign  to  the  Comanchan,  or  Early  Cretacic,  series.  He  was  in¬ 
clined  to  consider  this  formation  an  aberrant  phase  of  the  Car¬ 
bonic  limestone.  In  the  vicinity  of  Cape  Girardeau,  in  Missouri, 
he  found  a  fine,  white,  native  argil,  as  he  terms  it,  the  china  clay 
of  later  authorities,  which  the  inhabitants  mistook  often  for  chalk. 

One  fanciful  feature  of  geological  structure,  which  James  ar¬ 
gued  for,  deserves  especial  mention.  The  arch  of  the  Ozarks  was 
thought  to  extend  northward  along  the  path  of  the  Mississippi 
River  quite  to  the  Dubuque  lead  mines.  The  metalliferous  beds 
of  sparry  limestone  were  believed  to  be  continuous  between  the 
south  Missouri  mines  and  the  Dubuque  field.  As  a  tenet  of 
Western  geology  this  notion  long  prevailed.  Schoolcraft,  Feather- 
stonough,  and  others  of  their  day,  adopted  it  without  question; 
but  failing  to  mention  James’  ideas  in  this  connection  the  error 
was  perpetuated  and  generally  accredited,  by  those  who  came  after, 
to  these  authors  rather  than  the  real  one. 

The  notion  that  the  two  mineral  districts  of  the  Ozarks  and  of 
Dubuque  were  genetically  connected  in  some  way  is  historically 
of  very  great  interest,  whoever  was  the  real  author  thereof.  Al¬ 
though  Schoolcraf’s  report  was  published  first  by  a  year  and  he  is 
often  given  entire  credit  for  the  generalization,  his  efforts  were 
never  along  the  lines  of  geological  structure.  He  manifestly  paid 
little  or  no  attention  to  the  tectonics  of  the  region.  And  this  is  just 
what  James  did  do ;  for  he  was  especially  engaged  in  the  gigantic 
task  of  constructing  a  structural  cross-section  across  the  continent, 
along  a  parallel  half  way  between  the  two  areas. 

After  his  Iowa  visit  Schoolcraft  became  thoroughly  imbued  with 
the  brilliant  notion.  He  even  fancied  that  the  lead-bearing  beds 
of  the  two  widely  separated  regions  were  geologically  in  the  same 
terrane.  His  statement  was  repeated  as  fact  for  many  years 
afterwards.  It  is  instructive  as  indicating  the  crudness  of  the 
methods  of  geologic  correlation  of  the  day.  The  conception 
was  later  elaborated  upon  from  time  to  time,  until  its  necessary 
consequences  had  to  be  finally  supported  by  the  assertion  that  the 
ore-bodies  were  primarily  deposited  under  the  influence  of  favora- 
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ble  local  currents  on  the  floor  of  the  Ordovicic  ocean.  In  some 
form  or  other  this  curious  notion  prevailed  for  more  than  two 
generations;  and  even  at  the  present  day  it  is  seriously  upheld. 

The  broad  grasp  of  the  James’  mind  and  a  direct  outgrowth 
of  his  geological  cross-section  of  the  continent  found  one  curious 
practical  expression  which  in  our  day  possesses  a  peculiar  historic 
interest.  The  aridity  of  the  Great  Plains  and  the  obstacles  which 
the  lack  of  water  offered  to  speedy  settlement  impressed  him 
mightily.  He  was  not  without  ready  solution.  He  proposed  to 
overcome  the  difficulty  by  sinking  deep  wells  and  thus  securing 
artesian  water  supplies.  He  quaintly  asserted: 

We  also  observed  that  there  appears  reason  to  suspect  that  con¬ 
fined  subterraneous  veins  of  water  exist  under  the  arid  tract  lying 
westward  of  the  Ozark  Mountains.  It  is  not  improbable  that  the 
strata  of  many  parts  of  this  Secondary  formation  towards  its  exterior 
circumference  may  vary  from  an  horizontal  to  an  inclined  position  in 
consequence  of  which  the  water  that  falls  in  dews  and  rains  in  the 
hilly  districts,  becoming  insinuated  between  curved  stratifications, 
may  descend  towards  the  center  of  the  formation  under  such  cir¬ 
cumstance  as  would  insure  its  rising  to  the  surface  through  wells 
or  bore-holes  sunk  sufficiently  to  penetrate  the  veins.  We  would 
recommend  this  suggestion  to  the  attention  of  the  inhabitants  of  those 
parts  of  the  Secondary  basin  of  the  Mississippi  where  abundant  and 
unfailing  supply  of  water  is  unfortunately  wanting. 

Nearly  a  century  was  to  elapse  before  this  wise  admonition 
was  to  be  put  to  successful  test.  By  more  than  two  generations 
was  Major  Powell,  our  great  American  apostle  of  reclamation  of 
the  desert  wastes  of  earth  by  irregation,  anticipated. 

For  keenness  of  observation,  breadth  of  geologic  vision,  and  pro¬ 
foundness  of  scientific  thinking  Doctor  James  really  far  out¬ 
ranked  all  of  his  American  contemporaries  who  illuminated  the 
the  second  decade  of  the  last  century.  In  mental  aptitude  he 
easily  distanced  William  McClure,  Thomas  Nuttall,  and  Amos 
Eaton.  Although  so  far  away  geographically  he  was  closest  of 
all  Americans  to  such  pioneers  in  modern  geological  science  as 
Hutton,  Playfair,  Sir  James  Hall,  Von  Buch  and  Breislak.  We 
may  proudly  proclaim  him  one  of  our  truly  grand  figures  in 
American  geology.  Far  in  advance  of  his  day  the  noble  and 
unique  achievements  of  this  distinguished  pioneer  geologist  should 
surely  not  be  permitted  to  perish  in  the  gulf  of  time. 


GEOLOGY  IN  RURAL  WELFARE 


283 


GEOLOGY  IN  RURAL  WELFARE  ^ 

Professor  John  E.  Smith 
Iowa  State  College,  Ames 

When  that  pioneer  of  pioneers  among  agricultural  geologists, 
Hilgard,  published  the  ‘‘Geology  and  Agriculture  of  Mississippi,” 
in  1860,  little  did  he  think  that  so  much  time  would  elapse  before 
the  science  of  geology  would  be  recognized  and  used  as  the  founda¬ 
tion  upon  which  so  many  kinds  of  rural  progress  would  be  made. 
That  it  should  serve  an  immediate  need  was  undoubtedly  held  by 
Wm.  K.  Kedzie,  nearly  half  a  century  ago,  1877,  when  he 
published  the  “Elements  of  Agricultural  Geology  for  the  Schools 
of  Kansas.” 

Efforts  to  make  earth  science  immediately  adaptable  to  Agricul¬ 
ture  were  expressed  in  “Rocks,  Rock-weathering  and  Soils,”  by 
G.  P.  Merrill,  in  1897 ;  in  “Agricultural  Geology,”  by  J.  E.  Marr, 
in  1903,  and  in  publications  by  several  others  in  the  British  Isles 
about  the  same  time ;  and  finally  in  “Soils,”  by  E.  W.  Hilgard,  in 
1906. 

As  may  be  suspected  most  of  these  early  efforts  were  all  marked 
by  strong  emphasis  placed  on  the  origin  of  soils,  which  feature  is 
now  considered  to  be  only  one  out  a  dozen  or  more  important 
phases  of  the  subject.  Woodward,  in  “Geology  of  Soils  and  the 
Substrata,”  1912,  and  Rastall,  in  “Agricultural  Geology,”  1916, 
broke  away  from  the  idea  that  “soils”  alone  is  the  only  avenue  of 
relation  between  geology  and  agricultural  and  Emerson,  in  “Agri¬ 
cultural  Geology,”  1920,  placed  special  “emphasis  on  soils  and 
mineral  fertilizers.” 

At  the  present  time  our  subject  treats  of  geolog}'  in  its  larger 

1  Paper  read  before  the  Iowa  Academy  of  Sciences,  Iowa  City  Meeting. 
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bearings  upon  rural  welfare;  that  is,  to  the  geological  problems 
that  are  met  with  in  agricultural  enterprises  and  pursuits. 

In  this  relation  it  deals  chiefly  with  the  following  topics :  Water 
supply  for  the  farm  and  school;  farm  losses  and  gains  due  to 
geological  processes;  drainage  and  irrigation;  road  and  building 
materials;  minerals  used  on  the  farm  and  in  the  home;  minerals 
of  the  soil;  origin  and  distribution  of  soil  materials;  geological 
influences  affecting  the  distributions  of  vegetation;  geological 
history  of  domestic  plants  and  animals;  and  some  other  topics, 
not  the  least  of  which  is  the  great  cultural  value  of  a  knowledge 
of  geology  to  the  people  of  rural  districts. 

Such  a  problem  as  indicated  above  is  that  of  securing  an 
abundant  supply  of  pure  water.  In  regions  of  copious  rainfall 
it  is  essential,  in  those  of  average  to  minimum  rainfall  it  is  abso¬ 
lutely  necessary  to  consider  the  properties  and  the  structure  of  the 
substrata  in  their  relation  to  water  in  order  to  obtain  such  a  supply. 
Pursuant  to  the  requirements  of  this  necessity,  the  Federal  Govern¬ 
ment  maintains  a  branch  of  service  whose  work  is  concerned  with 
the  water  resources  of  the  entire  country.  The  purity  of  sub¬ 
surface  water  depends  chiefly  on  the  filtering  power  of  the 
yielding  rocks.  One  of  the  best  natural  filters  consists  of  residual 
material  of  considerable  depth.  Some  rocks  below  this  mantle  are 
sufficiently  pervious  to  contain,  transmit,  filter  and  consequently  to 
yield  pure  water.  Certain  others  are  impervious.  Another  condition 
is  found  where  the  rocks  contain  joints  or  cracks  along  which  water 
moves  freely  without  filtration,  conveying  to  wells  or  springs 
contamination  from  distant  sources.  This  condition  is  a  strong 
possibility  in  limestone  regions.  Artesian  water  which,  in  some 
localities  flows  from  wells,  may  be  found  where  the  properties 
and  structure  of  the  containing  rock  bear  such  a  relation  to  a 
supply  of  water  as  will  produce  it.  Under  one  combination  of 
these  conditions,  as  in  areas  of  jointed  igneous  or  metamorphic 
rocks  in  the  Piedmont  Belt,  artesian  wells  may  yield  a  few 
hundred  gallons  daily;  under  another,  that  of  a  pervious  sedi¬ 
mentary  rock  overlaid  by  impervious  ones  which  outcrop  in  a 
moist  region  of  higher  elavation,  as  in  the  Great  Plains,  the  yield 
may  be  several  hundreds  gallons  per  minute. 

Among  the  minerals  most  useful  in  agricultural  pursuits  are 
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coal  and  other  mineral  fuels,  the  mineral  oils  (kerosene  and  gaso¬ 
line),  iron,  salt,  gypsum,  lime,  the  minerals  of  the  soil,  and  the 
fertilizer  minerals  yielding  potash,  phosphates  and  nitrates.  The 
nature,  quality,  distribution  and  availability  of  most  of  these  sub¬ 
stances  bear  direct  relations  to  their  respective  geological  occur¬ 
rences.  In  order  that  careful  discriminations  may  be  made  in  their 
purchase  and  use,  those  who  have  need  for  them  should  be  familiar 
with  their  distinguishing  properties  and  with  their  relative  values. 

In  road  building  the  adaptation  of  various  materials,  even  when 
only  sand  and  clay  are  needed,  is  determined  by  the  properties  of 
the  minerals  and  rocks  considered  for  this  purpose,  and  by  the 
nature  of  the  base  on  which  the  road  is  to  be  constructed.  In  lo¬ 
cating  a  road  along  or  near  a  slope,  or  in  any  topographic  position 
where  strata  outcrop,  the  drainage  and  therefore  the  safety  and 
permanence  of  the  road,  or  its  failure,  depends  on  the  kinds  of  rock 
involved  and  on  their  structural  relations.  The  rapidly  growing 
use  of  motor  vehicles  emphasizes  the  importance  of  details  in  re¬ 
gard  to  road  materials  and  road  locations. 

From  the  rocks  at  the  surface  or  below  it,  suitable  material  is 

< 

obtained  for  buildings  and  other  structures  necessary  in  agricul¬ 
tural  enterprises.  Such  materials  are  used  in  making  brick, 
cement  and  concrete,  in  building  roads,  bridges,  dams  and  re¬ 
taining  walls  and  in  the  erection  of  dwellings  and  other  buildings. 
A  knowledge  of  the  properties  and  adaptations  of  structural  ma¬ 
terials  is  essential  to  the  intelligent  selection  of  them  and  to  their 
efficient  use.  It  is  also  necessary  in  many  localities  to  understand 
thoroughly  the  relations  of  the  substrata  to  the  surface  in  order 
to  choose  safe  locations  for  permanent  structures. 

The  way  in  which  undrained  areas  were  formed  has  much  to 
do  with  the  solution  of  the  problems  that  rise  when  drainage  is 
undertaken  and  with  the  kinds  of  soil  reclaimed  when  the  project 
is  completed.  Whether  an  area  must  be  drained  by  means  of  sur¬ 
face  ditches  or  whether  an  exit  may  be  found  through  a  previous 
layer  of  rock  below  depends  wholly  on  the  elevation  and  on  the 
nature  and  structure  of  the  substrata.  In  arid  and  semi-arid 
regions  the  possibility  of  irrigation  as  well  as  the  permanence  of 
the  aqueduct  is  dependent  on  geologic  and  topographic  fac¬ 
tors.  Of  the  sewage  disposal  plants  which  are  needed  on  all 
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farms  most  types  can  be  located  with  safety  with  regard  to  water 
supply  only  by  considering  fully  the  conditions  of  geologic  struc¬ 
ture  and  materials  in  the  vicinity. 

Losses  of  soil  by  erosion  due  to  the  action  of  wind  or  of 
water,  and  in  some  localities  due  to  the  additional  influence  of 
improper  tillage  and  pasturage,  bear  definite  relations  to  the  top¬ 
ography  of  the  area  effected.  Unfortunately  the  rich,  black 
humus  of  the  top-soil,  which  is  the  best  part  of  it,  is  the  first  to  be 
removed  —  a  fact  that  makes  early  prevention  imperative.  If 
the  losses  are  permitted  to  continue  a  great  succession  of  gullies 
and  barren  ravines  soon  develops,  and  a  worthless  area  is  formed 
where  valuable  land  could  have  been  retained.  The  water-table 
is  perceptibly  lowered  over  large  areas  by  increased  depth  of  drain¬ 
age  channels,  or  removal  of  protective  cover,  and  this  is  another 
serious  loss.  On  the  other  hand,  proper  drainage  may  change  an 
alkali  soil  to  a  fertile  one. 

The  chief  processes  that  cause  these  losses  involve  the  princi¬ 
ple  that  the  transporting  power  of  running  water  varies  as  the 
sixth-power  of  its  velocity.  This  means  that  a  current  w’hose 
velocity  is  three  miles  per  hour  can  carry  more  than  eleven  times 
as  much  sediment  as  one  whose  velocity  is  two  miles  per  hour, 

4 

and  that  a  current  of  three  miles  per  hour  loaded  to  its  capacity  will, 
on  being  reduced  to  two  miles  per  hour  or  less,  deposit  more  than 
90  per  cent  of  its  load.  When  a  flood  current  subsides,  or  is 
checked,  an  area  of  rich  soil  may  be  covered  to  a  depth  of  several 
feet  with  sand  and  other  worthless  materials.  Prevention  and 
partial  restoration  of  losses  may  be  accomplished  as  follows: 
Meandering  channels  may  be  replaced  by  large  drainage  ditches 
and,  with  the  aid  of  catchment  basins  in  regions  having  high  rate 
of  rainfall,  prevent  flooding  and  erosion  of  river  bottom-land. 
Other  losses  may  be  wholly  or  partly  prevented  by  constructing 
retaining  walls,  by  the  use  of  tiling,  or  of  lined  open  drains,  or  by 
contour  tillage,  by  limited  pasturage,  or  by  planting  trees,  shrubs 
or  grasses.  Restoration  may  be  partly  made  by  constructing  dams, 
or  by  other  means  of  ponding,  to  check  the  current  and  arrest 
the  moving  sediment,  thereby  changing  the  area  from  one  of 
erosion  to  one  of  deposition. 

Soil  origin  finds  its  explanation  chiefly  in  the  field  of  geology; 
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soil  distribution,  largely  in  that  of  physiography.  Different  kinds 
of  soils  are  produced  from  different  kinds  of  rock,  or  from  the 
same  kind  of  rock  when  subject  to  different  processes  during  the 
course  of  origin.  For  example,  soil  originating  from  a  given 
kind  of  rock  in  a  warm,  wet  climate  will  be  very  unlike  those 
derived  from  the  same  kind  of  rock  in  a  cool,  arid  region.  A 
third  kind  of  soil  will  result  if  the  materials  from  the  same  kind  of 
rock  are  transported  and  sorted  by  water  before  forming  the 
final  soil ;  a  fourth  kind  if  transported  by  glaciation ;  and  a  fifth, 
if  deposited  by  the  wind.  The  various  kind  of  soil  may  differ 
from  each  other  in  number  of  mineral  constituents  or  in  the 
different  proportions  of  such.  The  development  of  hills  and 
valleys,  and  other  topographic  forms,  by  erosion  gives  rise  to  a 
different  kind  of  soil  in  each  topographic  location.  Kinds  of  soil 
arise  also  in  numerous  other  ways  each  of  which  is  a  response 
either  directly  or  indirectly  to  geologic  or  physiographic  processes 
and  conditions. 

Classification  of  soils,  that  they  may  be  subjected  to  treatment 
conducive  to  the  greatest  production,  depends  chiefly  on  the  accu¬ 
rate  use  of  the  principles  of  soil  origin  and  distribution.  The 
changes  recently  made  by  the  United  States  Bureau  of  Soils  in  the 
revision  of  classification  units  that  were  used  in  mapping  a  number 
of  years  ago  afford  excellent  illustrations  of  this  fact  and  of  its 
recognition  by  the  Soil  Survey.  The  new  divisions  formed  are 
based  almost  wholly  on  genetic  and  topographic  relations  —  the 
principles  of  geology  and  physiography  being  applied  to  a  much 
greater  extent  and  in  greater  detail  than  in  the  early  work. 

Distribution  of  vegetation,  in  so  far  as  it  is  controlled  by 
topography,  kind  of  rock  and  geologic  structure,  constitutes  an 
important  phase  of  agricultural  geology.  The  distribution  of  soils, 
of  rainfall,  of  temperature  and  of  plant  and  animal  life,  the  lo¬ 
cation  of  water-courses,  of  valleys  and  uplands,  of  railways,  high¬ 
ways  and  of  markets,  as  well  as  the  adaptability  of  various  areas 
to  their  respective  agricultural  uses,  are,  to  a  remarkable  extent, 
arranged  in  accordance  with  the  topography  and  with  the  kinds 
and  relations  of  the  underlying  rocks. 

The  principles  of  improvement  in  domestic  plants  and  animals 
are  found  in  a  diligent  study  of  the  geological  history  of  their 
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respective  races,  and  are  fully  illustrated  in  the  development  of  the 
present  forms  of  life  from  the  ancient  ones.  These  great  changes 
in  form,  stature  and  intelligence  make  some  of  the  useful  stories 
in  the  earth's  history  as  they  are  revealed  by  the  record  that  is 
written  in  the  rocks. 

Comprehensive  contemplation  of  the  immensely  broad  field  in 
the  science  of  geology  and  the  work  of  solving  the  intensely  deep 
problems  that  arise  in  it,  develop  superior  mental  powers;  power 
to  think  clearly,  to  reason  well,  to  form  accurate  judgments,  to 
develop  progressive  ideas,  and  to  discover  universal  truths. 

A  constant  study  of  nature  in  the  field  of  earth  science  directs 
a  continuous  current  of  fresh,  unbiased  thought  toward  the  prob¬ 
lems  and  experiences  met  daily  in  the  world  of  human  relation¬ 
ships,  and  produces  more  and  more  of  the  harmony  of  nature 
between  man  and  his  fellows.  By  continual  observation  and 
appreciation  of  the  boundless  perfection  in  this  field  one  is  lead 
toward  refinement  in  manners,  tastes  and  feelings.  The  love  of 
the  great,  the  grand,  the  beautiful  and  the  sublime  in  the  world  of 
earth  science,  engendered  in  this  way,  gives  rise  to  strength  of 
courage,  to  fervency  and  zeal,  and  to  the  spirit  of  enthusiasm. 

By  the  study  of  earth  history  man  is  encouraged  in  self  im¬ 
provement  and  in  the  realization  of  his  responsibility  to  the  world 
about  him ;  he  is  inspired  to  higher  ideals  in  his  relations  with  his 
fellow  man  and  in  the  field  of  intellectual  achievement;  he  is 
stimulated  to  a  more  intelligent  understanding  of  the  powerful 
forces  in  nature,  and  of  their  influences  on  the  origin  and  on  the 
destination  of  the  human  family. 

Universal  laws  of  nature  are  not  material  things  though  they 
control  and  govern  that  which  is  material.  Being  brought  in 
this  subject  into  close  relation  with  the  work  of  every  large  num¬ 
ber  of  natural  laws,  dealing  with  the  entire  universe,  throughout 
long  ages  of  time,  one  develops  an  intimacy  with  that  which  is 
beyond  the  material,  with  that  which  continues  to  endure,  with 
that  infinitely  larger,  greater  and  higher  field  above  and  beyond 
material  things. 
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OUTSTANDING  GEOLOGICAL  FEATURES  OF 
COLORADO  RIVER  BASIN  ^ 

By  Dr.  Frederick  J.  Pack 
Utah  State  University 

The  Colorado  River  Basin  comprising  parts  of  Wyoming,  Colo¬ 
rado,  Utah,  Arizona,  New  Mexico,  Nevada,  California  and  old 
Mexico,  constitutes  an  area  of  nearly  a  quarter  of  a  million  of 
square  miles.  Only  2,000  square  miles  of  the  total  area  lie  outside 
of  the  territory  of  the  United  States.  Quite  properly,  much  of 
the  discussion  should  no  doubt  relate  more  or  less  directly  to  the 
Grand  Canyon  of  the  Colorado  and  its  immediately  contributing 
territory,  but  attention  will  be  directed  mainly  to  the  Plateau 
country  of  northern  Arizona  and  southern  and  southeastern  Utah. 

Although  the  country  comprising  this  area  alYords  evidence  of 
having  been  part  of  a  great  continent  far  back  near  the  beginning 
of  geological  time,  the  factors  which  immediately  gave  rise  to  the 
Basin  in  its  present  form,  are  of  much  more  recent  date.  The 
topographical  features  out  of  which  the  modern  Colorado  River 
Basin  was  evolved  seemingly  had  their  origin  in  the  development 
of  Cretacic  geology. 

All  are  familiar  with  the  fact  that  during  this  Cretacic  Period 

% 

a  great  interior  sea  extended  in  a  general  direction  through  the 
Rocky  Mountain  region  from  Texas  to  Alaska.  Details  of  the 
geography  were,  of  course,  repeatedly  modified ;  yet,  in  the 
main,  the  general  outlines  were  more  or  less  constant.  Near  the 
close  of  Cretacic  time,  however,  a  mountain-building  movement 
occurred  which  transformed  the  entire  geography  of  the  region. 

1  Address,  in  Symposium  on  the  “Problems  of  the  Colorado  River,”  delivered  before 
the  American  Association  for  the  Advancement  of  Science  at  the  Salt  Lake  City 
Meeting,  1922. 
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The  uplifts  were  produced  primarily  by  intense  folding,  rather 
than  alone  by  vertical  displacement.  In  the  history  of  the  science 
this  disturbance  is  referred  to  usually  as  the  Larimide  Revolution. 

The  Colorado  River  must  have  had  its  beginning  prior  to  the 
completion  of  this  mountain-building  period,  for  its  channel  cuts 
directly  through  at  least  one  of  the  ranges  that  had  its  origin  at 
this  time.  It  will  be  recalled  that  Green  River,  the  principal 
tributary  of  the  Colorado,  rises  in  the  Wind  River  Mountains  of 
Wyoming,  and  flows  in  a  southerly  direction  until  just  after  it 
reaches  the  Utah- Wyoming ,  line.  Then  it  turns  suddenly  to  the 
east,  and  again  to  the  south,  where  it  cuts  a  mighty  gorge  directly 
through  the  Uinta  Mountains.  Evidence  supports  the  interpre¬ 
tation  that  the  river  was  in  existence  before  the  mountains  were 
constructed  and,  therefore,  that  as  the  uplifting  arose,  the  river 
simultaneously  cut  through  the  rising  mass  and  thus  maintained 
its  course. 

It  is  clear,  therefore,  that  at  a  time  near  the  close  of  Cretacic 
time,  the  Colorado  River  Basin  had  already  acquired  somewhat 
its  present  outline.  The  lower  depressions  of  the  Basins,  however, 
were  frequently  covered  by  more  or  less  continues  bodies  of 
water,  sometimes  connecting  with  the  Pacific  Ocean  near  the  point 
where  the  Colorado  River  now  enters  it.  More  commonly,  how¬ 
ever,  the  Basin  seems  to  have  been  devoid  of  extensive  bodies  of 
water,  except  in  the  form  of  playas  and  marshes.  If  to  this 
picture  is  added  the  presence  of  lofty  mountain  on  nearly  every 
side  of  the  Basin,  we  have  a  fair  conception  of  the  general  con¬ 
figuration  of  the  region. 

Under  conditions  such  as  these,  the  universal  tendency  of  the 
eroding  agencies  is  to  wear  down  the  higher  elevations  and  fill 
up  the  lower  ones.  The  streams  flowing  from  these  ancient 
mountains  carried  their  loads  of  gravel,  sand  and  finer  materials, 
and  spread  them  out  over  the  valley  floor.  The  gravels  were 
dropped  near  the  flanks  of  the  mountains,  the  sands  farther  out, 
and  still  farther  out  the  clays  and  muds.  Taken  as  a  whole, 
however,  the  materials  are  predominantly  of  the  continental  type. 
Moreover,  as  should  be  expected,  they  grade  from  coarse  to  fine 
from  the  peripheral  parts  of  the  basin  inward. 

Plainly,  deposition  within  this  ancient  Basin  could  take  place 
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only  by  reducing  the  height  of  the  mountains  surrounding  it,  or, 
stated  conversely,  as  the  mountains  were  worn  down  the  Basin 
was  filled  up.  Necessarily,  the  combined  effect  was  to  equalize 
the  general  elevation  of  the  region.  Evidence  points  to  the  con¬ 
clusion  that  this  process  continued  until  at  least  the  greater  part 
of  all  the  higher  peaks  disappeared  and  the  Basin  was  more  or 
less  filled.  In  certain  places,  especially  near  the  flanks  of  the 
mountains,  the  deposits  are  assumed  to  reach  several  thousand 
feet  in  thickness. 

This  vast  leveling  process  occurred  largely  during  Tertic  times, 
near  the  close  of  which  another  geographical  revolution  occurred. 
This  time  the  Colorado  River  Basin  was  lifted  in  its  entirety,  in 
places  almost  as  gently  as  a  mother  lifts  her  sleeping  babe.  The 
Larimide  Revolution  was  characterized  by  marked  folding  and 
plicating  of  the  strata;  but  this  one,  near  the  close  of  the  Tertic 
time,  left  the  formations  almost  as  nearly  horizontal  as  when  they 
were  originally  deposited.  Only  in  isolated  and  local  places  were 
the  strata  arched  into  folds,  and  then  only  into  gentle  ones.  Here 
and  there,  as  in  the  region  of  the  great  Kaibab  Plateau,  the  coun¬ 
try  rose  differentially,  but  this  was  accomplished  largely  by 
faulting  the  formations  rather  than  by  flexing  them.  It,  of 
course,  will  be  remembered  that  we  are  referring  to  the  Colorado 
Basin  of  Utah  and  Arizona  rather  than  to  the  Basin  as  a  whole. 
In  certain  localities  the  uplifting  was  also  characterized  by  intense 
volcanic  activity. 

Thus,  the  series  of  events  culminating  with  the  revolution  just 
mentioned,  imposed  upon  the  Colorado  River  a  task  almost  Her¬ 
culean  in  its  proportions.  Up  to  this  time  the  River,  at  its  best, 
was  scarcely  more  than  a  sluggish  stream,  slowly  meandering 
toward  the  ocean;  but  simultaneous  with  the  uplift,  the  grade  of 
the  stream  increased,  and  gradually  the  River  was  transformed 
into  a  rushing  torrent.  Formerly  the  stream  had  been  required 
to  carry  nothing  more  than  a  nominal  load ;  but  with  its  increased 
capabilities,  incident  to  rejuvenation,  it  was  confronted  with  the 
gigantic  task  of  not  only  denuding  the  Colorado  Basin  of  that 
which  had  previously  been  deposited  within  it  but  also  of 
eventually  carrying  the  entire  country  down  to  the  level  of  the 
ocean,  out  of  which  it  has  previously  risen. 
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Without  delay  the  task  was  begun,  and,  contemporaneously  with 
the  uprising,  the  stream  gradually  incised  itself  into  the  gigantic 
plateau  which  was  being  slowly  lifted  across  its  course.  It  is 
refreshing  to  the  observer  to  note  that  no  matter  how  colossal 
the  task,  the  processes  of  nature  never  falter  in  their  work.  They 
almost  seem  to  know  that  if  they  continue  unceasingly  even 
mountain  ranges  can  be  pulled  down  a  grain  at  a  time.  And  thus 
for  past  millions  of  years  the  Colorado  River  has  been  carry¬ 
ing  its  sediments  to  the  ocean,  to  the  end  that  sometime  in  the 
distant  future  the  task  imposed  upon  it  shall  be  completed. 

In  order  to  understand  the  manner  in  which  the  River  has  thus 
far  accomplished  its  work,  one  has  only  to  keep  clearly  in  mind 
a  few  well  known  geological  principles.  To  begin  with:  Nature 
everywhere  cuts  deep  stream-channels  into  lands  undergoing 
elevation.  This,  of  course,  is  brought  about  by  the  increased 
velocity  and  carrying  power  of  the  water  so  effected.  Under 
such  conditions  the  work  of  widening  the  channel  is  left  almost 
exclusively  to  agencies  other  than  running  water,  principally 
wind,  frost  and  daily  changes  of  temperature.  Particularly  in  arid 
climates,  the  immediate  work  of  running  water  is  confined  almost 
exclusively  to  stream  channels  and,  therefore,  to  a  very  small 
fraction  of  the  total  area.  In  the  Colorado  Basin  wind  plays 
an  indispensible  part  in  disintegrating  the  formations  and  in 
carrying  the  particles  into  the  stream  channels  where  they  are 
continued  on  their  journey  to  the  ocean. 

Contemporaneous,  therefore,  with  the  uplifting  of  the  Colorado 
Basin,  the  River  largely  abandoned  its  meandering  habits  and  at 
once  began  to  sink  itself  into  the  formations  freshly  exposed  to 
its  action.  While  the  principal  energies  of  the  stream  were 
devoted  to  deepening  the  channel,  the  other  agencies  were  grad¬ 
ually  widening  it,  particularly  near  the  top.  The  incising  action, 
however,  was  so  intense  that  the  gorge  gradually  became  increas¬ 
ingly  deeper  in  comparison  with  its  width.  But  as  time  went  on 
the  upper  rock  members  of  the  valley,  each  in  turn,  receded  farther 
and  farther  from  the  central  channel,  until  the  whole  affair  began 
to  assume  the  form  of  a  giant  stairway  leading  down  to  the  inner 
chasm.  This  condition  still  prevails  on  the  northern  side  of  the 
Basin.  One  may  stand  at  a  point  of  vantage  on  the  Paunsaug- 
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unt  Plateau,  in  southern  Utah,  and  witness  one  of  the  most 
magnificent  spectacles  ever  granted  to  the  eye  of  man.  Stretch¬ 
ing  out  for  a  hundred  miles  before  him,  and  five  thousand  feet 
below  him,  is  a  series  of  stratigraphic  steps  unequaled  elsewhere 
in  the  world.  At  the  distal  end  of  the  stairway  is  the  inner 
gorge  of  the  incomparable  Colorado  stream. 

Omitting  the  specific  names  of  the  terranes  comprising  the  walls 
of  the  Canyon  proper,  the  steps  of  this  colossal  stairway  range  in 
age  from  Ter  tic  to  Carbonic  time,  and  present  perhaps  the  grandest 
prospect  of  multi-colored  formations  upon  the  earth.  The 
Carbonic  platform,  in  the  distance,  consists  essentially  of  grayish 
limestones  and  sandstones,  intercalated,  at  depth,  with  shades  of 
pinks  and  reds.  Next  above,  and  farther  back  from  the  River, 
is  the  Permo-Carbonic  formation,  consisting  of  an  intricate  alter¬ 
nation  of  vari-colored  bands,  chiefly  shades  and  tints  of  reds. 
Next  above  are  the  Triassic  beds,  composed  principally  of  blood- 
red  sandstones,  varying  from  one  thousand  to  two  thousand  feet 
in  thickness,  and  locally  called  the  Vermillion  Cliffs.  This  is 
followed  by  Jurassic  strata,  principally  yellow  below  and  white 
above.  Next  is  the  Cretacic  section,  made  up  mainly  of  buflp 
sandstones  and  grey  shale.  At  the  top  are  the  Tertic  terranes, 
unrivalled  in  their  coloring,  predominately  pink,  but  possessing  a 
variety  of  hues  wholly  indescribable.  Here  and  there  the  upper 
members  of  the  stairway  are  largely  covered  with  pine  trees  and 
undergrowth,  so  that  wherever  they  are  exposed  they  are  em- 
blazened  by  the  contrast.  The  lower  formations  are  almost  rudely 
nude  in  their  barrenness. 

Aside  from  the  coloring  and  the  stairway,  the  observer  is 
almost  overwhelmed  with  the  country’s  sculpturing.  In  numer¬ 
ous  places,  domes,  pinnacles  and  spires,  in  the  form  of  giant 
monoliths,  are  silhouetted  against  the  horizon,  like  the  water  front 
of  a  populous  city.  In  other  places  vast  level  tracts  stretch  out 
to  distances  where  vision  ends.  Wherever  the  eye  can  turn  the 
evidences  of  interminable  and  prodigious  erosion  are  ever  present. 

If  one  could  but  descend  this  giant  stairway,  in  strides  of  a 
dozen  miles,  he  would  find  himself,  after  completing  four  or  five 
steps,  on  the  plain  of  the  Colorado  platform.  Another  fifty 
miles,  directly  ahead,  would  lead  him  over  comparatively  level 
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country  to  the  brink  of  the  Canyon  proper,  but  in  order  to  see 
the  gorge  in  its  sublimest  aspect  he  must  climb  the  slopes  of  the 
broad  Kaibab  plateau  and  look  down  from  a  point  where  the 
River  has  cut  directly  through  this  mighty  uplift.  The  Kaibab 
forest  forms  a  proper  entrance  to  that  which  is  beyond.  Sixty 
miles  of  densely  forested  country  fittingly  screens  from  the  com¬ 
mercial  world  the  greatest  handiwork  of  God. 

No  one  with  propriety  can  attempt  to  describe  the  spectacle  of 
the  Grand  Canyon  of  the  Colorado.  The  picture  of  a  gorge  six 
thousand  feet  deep  and  fifteen  miles  wide,  surrounded  by  myriad- 
colored  rocks,  all  carved  into  colossal  minarets,  towers  and  cathe¬ 
drals,  cannot  be  conveyed  by  human  words.  The  observer  im¬ 
mediately  finds  himself  in  a  state  of  admiring  fear  mingled  with 
reverence  and  awe.  The  tremendous  bigness  of  the  thing,  coupled 
with  its  sublimity,  seems  to  close  in  upon  him  and  impress  him 
with  his  own  insignificance.  First  he  is  tempted  to  run  away,  but 
it  compels  him  to  stay  and  to  admire.  His  presence  is  tolerated 
but  not  welcomed.  He  is  admitted  but  does  not  feel  at  home. 
The  only  answer  that  can  be  given  as  to  how  the  river  looks  is  to 
“go  and  see.” 

If  nature  had  given  this  region  only  the  Grand  Canyon,  the 
gift  would  have  been  an  unusually  precious  one,  but,  seemingly, 
when  the  storehouse  of  God’s  treasures  was  once  opened  a  flood 
of  jewels  rolled  forth  and  filled  the  country  almost  to  overflowing. 
While,  of  course,  it  must  not  be  denied  that  the  Grand  Canyon  is 
supreme  among  all  the  wonders  associated  with  the  unmatched 
panorama,  yet  it  is  equally  true  that  any  one  of  a  dozen  others  is 
easily  sufficient  to  command  the  admiration  of  the  world.  Glen 
Canyon,  Marble  Canyon,  Kainab  Wash,  and  scores  of  other 
mighty  incisions  are  wonders  by  themselves. 

The  San  Juan  tributary,  just  below  Mexican  Hat,  has  pre¬ 
served  an  interesting  remnant  of  its  former  history.  It  appears 
that  this  river,  like  many  others  of  the  Colorado  Basin,  was  at 
one  time  a  sluggish  stream,  winding  in  broad,  crooked  curves  over 
the  country  that  it  traversed.  Later,  an  uplift  was  slowly  raised 
across  its  course,  but  the  stream  easily  maintained  its  meandering 
path,  and  slowly  embedded  itself  into  the  rising  strata.  As  the 
water  now  flows  through  the  uplift  it  forms  a  series  of  broad 
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loops,  incised  nearly  a  thousand  feet  into  a  platform  of  gorgeous¬ 
ly  colored  formations.  The  river  repeatedly  wanders  off  for 
miles,  but  each  time  comes  back  partically  to  the  point  of  begin¬ 
ning.  The  river,  the  gorge,  the  formations,  the  history,  all  com¬ 
bine  to  make  the  country  a  most  fascinating  one. 

Monument  Valley,  situated  on  the  east  side  of  the  river  and 
near  the  Utah-Arizona  line,  is  characterized  by  the  presence  of 
thousands  upon  thousands  of  isolated  monoliths  reaching  hun¬ 
dreds  of  feet  into  the  air.  The  combined  effect  of  these  spires 
and  towers  is  one  of  marked  desolation.  In  reality  the  impres¬ 
sion  is  not  out  of  harmony  with  the  history  of  the  country’s 
development.  Ages  ago  a  massive,  red,  sandstone  formation  cov¬ 
ered  the  entire  area,  but  largely  through  the  action  of  wind,  aided 
by  other  destructive  agencies,  the  formation  has  been  largely  car¬ 
ried  away.  Here  and  there  residual  masses,  suggestive  of  its 
former  existence,  are  all  that  remain.  The  country  resembles  a 
vast,  desolated  city.  One  may  easily  imagine  that  the  stone  pillars, 
in  their  various  shapes  and  sizes,  represent  the  walls  and  chim¬ 
neys  of  a  ruined  city.  The  road  to  Monument  Valley  is  a  long 
and  hard  one.  The  valley  itself  is  wierd  and  seems  to  be  wholly 
reminiscent  of  the  distant  past.  The  traveler  comes  away  with 
the  feeling  that  he  has  visited  a  city  of  the  dead. 

Mention  has  already  been  made  of  the  important  part  played 
by  wind  in  disintegrating  the  rock  formations  and  in  carrying 
away  the  debris.  An  interesting  example  is  shown  in  connection 
with  what  is  termed  the  “Goblet  of  Venus.”  This  unusual  erc- 
sional  form  is  twelve  feet  high  and  eight  feet  across  at  the  widest 
point  of  the  bowl.  The  shaft  of  the  goblet  is  scarcely  ten  inches 
in  diameter.  The  whole  structure  is  composed  of  one  continuous 
rock-mass  and  is  rigidly  connected  with  the  underlying  forma¬ 
tions.  It  was  formed  literally  by  the  “lathe”  action  of  the  wind. 
Long  ago  the  immediate  topography  of  the  locality  was  of  such 
a  nature  that  the  wind  passing  over  it  acquired  a  rotary  motion. 
With  the  aid  of  sand  particles,  acting  as  tools,  a  circular  groove 
was  gradually  cut  around  a  central  shaft.  As  the  groove  wore 
deeper  the  velocity  of  the  wind  was  checked,  and,  in  consequence, 
the  diameter  of  the  depression  decreased.  Thus,  the  central  core 
was  slowly  fashioned  into  a  form  resembling,  almost  in  detail,  a 
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wine  goblet.  That  the  work  is  not  yet  abandoned  is  proved  by  the 
fact  that  during  periods  of  intense  blowing,  the  wind  still  carries 
particles  of  sand  with  sufficient  velocity  to  sting  the  hands  and 
face  of  the  observer.  The  goblet,  of  course,  like  millions  of  other 
forms,  is  only  ephemeral,  and  in  course  of  geological  time  will 
crumble  and  disappear. 

By  no  means  of  least  interest  in  southeastern  Utah  are  the  stu¬ 
pendous  natural  bridges  of  that  region.  The  history  of  their 
origin  is  simple.  Ages  ago  the  streams  traversing  that  section 
flowed  along  courses  made  up  of  broad,  winding  curves.  At  a 
certain  depth  below  the  general  level  of  the  country  a  layer  of 
soft  argillaceous  sandstone  was  encountered.  This  was  easily 
attacked  by  stream  action,  and  the  narrow  necks  separating  the 
channels,  were  undercut  in  such  a  manner  that  the  overlying 
strata  were  left  spanning  the  gaps  in  the  form  of  gigantic  natural 
bridges.  Virginia  has  long  boasted  of  her  wonderful  natural 
bridge,  but  Utah  possesses  half  a  dozen  which  are  vastly  its  su¬ 
perior.  The  great  Nonnezoshie  Arch  is  sufficiently  large  to  permit 
of  the  erection  of  a  twenty-story  office  building  beneath  it.  Almost 
every  year  reports  are  coming  in  of  the  discovery  of  other  bridges, 
and  the  end  does  not  seem  to  have  been  reached.  The  inaccessa- 
bility  of  this  region  can  be  somewhat  understood  when  it  is  stated 
that  less  than  a  year  ago  a  bridge,  of  nearly  two  hundred  feet 
span,  was  found  near  Moab,  at  a  point  less  than  seventy-five 
miles  from  a  trans-continental  railroad. 

The  San  Juan  bridges  are  notable.  From  the  top  of  Elk  Moun¬ 
tain  looking  toward  the  west,  the  traveler  obtains  his  first  view  of 
the  platform  in  which  the  bridges  are  situated.  It  lies  more  than  a 
thousand  feet  below  him  and  stretches  out  toward  the  south  and 
south-west  almost  as  far  as  the  eye  can  see.  When  thus  viewed 
from  the  distance,  this  vast,  level  plain  appears  to  be  practically 
unbroken,  except  by  outliers,  large  and  small,  which  rise  abruptly 
from  its  surface,  like  so  many  flat-topped  icebergs  from  an  undis¬ 
turbed  sea. 

This  vast  platform  is  so  completely  dissected  by  an  intricate 
labyrinth  of  box-canyons  that  passage  directly  across  it  is  wholb’ 
impossible.  Not  infrequently  the  explorer  is  compelled  to  travel 
many  miles  around  circuitous  cliffs  in  order  to  reach  a  desired 
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point  only  a  few  rods  distant  from  the  place  of  beginning.  Even 
though  the  canyons  in  this  particular  locality  seldom  exceed  an 
average  depth  of  500  feet,  yet  their  walls  are  so  nearly  vertical 
as  to  make  them  effective  barriers  even  to  a  man  afoot. 

Thus  we  have  before  us  the  home  of  the  greatest  natural 
bridges  in  the  world.  Entirely  obscured  from  distant  view,  and 
far  below  the  general  surface  of  the  surrounding  country,  these 
masterpieces  of  Nature  are  hidden  away  in  one  of  the  most  inac¬ 
cessible  countries  known.  Their  security  and  isolation  might  al¬ 
most  be  interpreted  to  mean  that  Diety  had  deliberately  decided  to 
place  them  in  such  a  position  that  only  those  who  were  willing  to 
pay  the  price  of  distant  travel  shall  be  permitted  to  look  upon 
them.  ' 

Zion  National  Park  is  situated  within  the  north  side  of  the 
Colorado  Basin  and  just  at  the  base  of  the  steepest  part  of  the 
stairs.  The  water  flowing  through  Makuntuweap  Canyon  rises 
far  up  near  the  head  of  the  stairway,  and  as  it  flows  over  each 
of  the  succeeding  steps  it  buries  itself  in  deep,  steep-sided  can¬ 
yons.  Zion  Canyon  constitutes  an  extremely  narrow  gorge  where 
the  Makuntuweap  River  cuts  through  the  Vermillion  Cliffs.  In  its 
lower  stretches,  Zion  Canyon  is  three  thousand  feet  deep  and  of 
about  the  same  width.  The  walls  are  nearly  perpendicular. 
Farther  up,  the  canyon  narrows  and  the  stream,  not  in  excess  of 
fifty  feet  wide,  occupies  the  entire  width  of  the  gorge.  The 
height  and  steepness  of  the  walls  are  maintained,  in  fact  the 
overhanging  cliffs  not  infrequently  shut  out  the  sky  many  rods  at 
a  stretch. 

Zion  Canyon  is  attractive  primarily  because  of  its  depth,  the 
verticality  of  its  walls,  and  the  coloring  of  its  formations.  It  is 
altogether  probable,  particularly  in  its  upper  course,  that  this  is 
the  narrowest  canyon  in  the  world.  A  view  from  the  rim  of  this 
incision  gives  one  the  impression  of  looking  down  into  a  great 
rift  virtually  without  bottom. 

Right  at  the  top  of  the  stairway  and,  therefore,  at  the  rim  of 
the  great  Paunsaugunt  Plateau,  nature  has  placed  perhaps  her 
most  delicate  jewel,  Bryce  Canyon.  The  contour  of  the  plateau 
is  highly  crenate,  almost  like  the  edge  of  a  beautiful  leaf.  Bryce 
Canyon  occupies  one  of  these  reentrant  angles,  and  is,  therefore, 
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scarcely  a  typical  canyon,  perhaps  better  an  amphitheater.  Pro¬ 
bably  nowhere  else  on  earth  has  nature  developed  as  wide  a  va¬ 
riety  of  grotesque  erosional  forms  as  here.  The  amphitheater  is 
approximately  three  miles  across  and  five  hundred  feet  deep,  and 
the  entire  area  is  filled  with  sculpturing,  large  and  small,  among 
which  the  mind  can  imagine  almost  any  form  known  to  human 
experience.  The  coloring  adds  infinitely  to  its  beauty.  Reds  and 
whites  predominate,  but  one  may  stand  on  the  rim  of  the  canyon 
and  successfully  challenge  anyone  to  name  a  shade  or  tint  of  the 
spectrum  which  is  not  present. 

The  visitor  to  Bryce  Canyon  instantly  feels  a  welcoming  friend¬ 
ship.  He  complacently  sits  on  the  precipitous  rim  and  experi¬ 
ences  no  fear.  He  climbs  ladders  and  follows  narrow  paths 
into  the  inner  recesses  and  feels  wholly  at  ease.  He  watches  the 
canyon  in  its  various  moods,  with  the  changing  of  the  day,  and 
admires  it  more  with  each  shifting  scene.  His  soul  exults  with  his 
first  vision  of  the  canyon ;  he  tarries  longer  than  he  had  planned ; 
and  he  leaves  under  protest,  but  with  solemn  promise  soon  to 
return. 

In  its  larger  aspect,  the  Colorado  River  should  be  viewed  in 
the  light  of  steadily  attacking  the  problem  which  was  thrust  upon 
it  more  than  a  million  years  ago.  It  has  already  moved,  from  a 
large  part  of  the  Basin,  fully  ten  thousand  feet  of  rock  covering, 
and,  in  addition,  has  sunk  a  channel  more  than  a  mile  deep  into  the 
still  older  strata.  The  river  is  now  carrying  annually  one  hun¬ 
dred  millions  of  tons  of  disintegrated  rock  materials  to  the  sea. 
In  the  course  of  its  work  it  has  developed  some  of  the  choicest 
scenic  wonders  known  to  man.  These,  of  course,  are  all  incidental 
to  the  great  objective.  Moreover,  they  are  not  everlasting,  but 
in  the  coming  ages  of  earth-history  will  gradually  disappear.  Even 
the  Canyon  with  its  ponderous  walls  and  mighty  chasms  will  not 
endure  forever,  yet  from  the  human  point  of  view  these  majestic 
spectacles  may  well  be  regarded  as  eternal. 
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PROTEROZOIC  MAZATZAL  QUARTZITE  OF  CENTRAL 

ARIZONA 

By  Eldred  D.  Wilson 
Arizona  Bureau  of  Mines 

The  Mazatzal  Range  lies  in  central  Arizona,  about  fifty  miles 
northeast  of  Phoenix.  Between  the  Tonto  and  Verde  River 
valleys  it  trends  northwestward  from  the  Roosevelt  Dam.  The 
massif  of  the  range  is  composed  almost  entirely  of  schists,  slates, 
and  quartzites  of  Pre-Cambrian  age,  the  sedimentaries  being  usual¬ 
ly  disposed  at  high  angles.  The  great  succession  of  indurated 
sandstones  to  which  the  title  Mazatzal  Quartzite  is  here  applied, 
constitutes  the  main  part  of  the  mountains  from  the  central  Mazat¬ 
zal  Peak  northward.  There  are,  however,  four  separate  and 
distinct  areas  of  the  quartzite.  Besides  the  chief  body  of  quart¬ 
zite,  lying  between  the  Mazatzal  Peak  and  North  Peak,  there  are 
extensive  outcrops  25  miles  to  the  north,  in  the  vicinity  of  Natural 
Bridge,  south  of  Pine  postoffice;  also  80  miles  to  the  northwest 
of  Mazatzal  Peak,  a  short  distance  southeast  of  Del  Rio  and 
about  20  miles  from  Prescott,  on  the  Santa  Fe,  Prescott  and 
Phoenix  railroad;  and  still  a  fourth  is  found  just  south  of  the 
Mogollon  escarpment  between  Tonto  and  Cherry  creeks,  30  miles 
to  the  northeast.  Of  the  Pre-Cambrian  complex  the  quartzite  un¬ 
der  consideration  appears  a  lithologic  unit  entirely  distinct  from 
the  schists.  It  is  a  hard,  vitreous  rock,  light-brown  to  gray  in 
color,  fine-grained,  and  often  cross-bedded,  but  possessing  at  vari¬ 
ous  levels  also  many  phases  of  conglomerate  the  subangular  to 
rounded  pebbles  of  which  vary  from  very  coarse  sand  to  small 
boulder  one-half  foot  or  more  in  diameter.  Occasionally  there 
are  lenticular  layers  of  maroon-colored,  gray-spotted,  hard, 
arenaceous  shales  which  frequently  display  ripple-marks  and  sun- 
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cracks.  The  thickness  of  these  shale  lenses  varies  greatly.  One 
observed  in  the  bed  of  Pine  Creek,  in  the  Natural  Bridge  area, 
is  150  feet  in  thickness. 

Thin  slices  of  the  quartzite  shows  under  the  microscope  that 
the  rock  is  made  up  of  grains  consisting  almost  entirely  of  quartz, 
which  are  cemented  by  siliceous  matter,  along  with  some  limonite. 
These  grains  are  sharply  angular.  Some  secondary  enlargements 
are  noticeable.  Thin  sections  of  the  shale  show  it  to  consist  of 
extremely  fine,  almost  ultra-microscopic  particles,  among  which  is 
abundant  red  iron  oxide.  The  poikolitic  character  is  probably  due 
to  the  unequal  diffusion  of  the  iron  oxide. 

Massiveness  of  bedding  in  the  quartzite  is  the  rule,  rather  than 
the  exception,  and  because  of  this  fact  jointing  is  usually  quite 
persistent,  giving  very  rugged  expression  to  the  topography. 

In  the  Natural  Bridge  and  Del  Rio  areas  especially,  and  some¬ 
what  also  in  the  East  Tonto  Creek  district,  the  strata  display 
marked  folding  and  faulting,  of  Pre-Cambrian  date  for  the  most 
part;  but  in  the  Mazatzal  Mountains  and  the  Tonto  Creek  areas 
the  beds  are  normally  unaffected  by  orogenic  compression. 

The  basement  complex  consists  usually  of  schists,  in  great 
variety  having  been  derived  from  both  sedimentary  and  igneous 
rocks.  It  is  cut  by  intrusives,  for  the  most  part  Pre-Cambrian 
granites  and  diorites.  Frequently  these  intrusives  constitute  the 
basal  rocks  over  large  areas.  It  is  probable  that  they  are,  in  the 
main,  related  to  the  granites  of  the  Bradshaw  Mountains.  Fre¬ 
quently  the  schists  contain  intercalated  quartzitic  members  of  var¬ 
iable  but  considerable  magnitude,  such  as  those  noted  in  the  Del- 
shay  Basin,  and  around  Four  Peaks  to  the  southward.  Such 
quartzites,  however,  are  not  to  be  confused  with  those,  younger 
than  those  genetically  associated  with  the  schists,  which  are  here 
described. 

Overlying  the  basal  schists  and  granites  in  conspicuous  uncon¬ 
formity  is  the  quartzitic  formation  under  consideration.  In  the 
Natural  Bridge  area  this  unconformity  is  further  emphasized  by 
a  well-defined,  basal  conglomerate,  which  contains  pebbles  of  the 
schists,  quartzite,  granite,  red  slates,  jasper,  and  aplite.  It  is  not 
observed  in  the  Mazatzal  Mountains  sections;  and  it  is  not  ex¬ 
posed  in  the  Del  Rio  district. 
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A  notable  angular  unconformity  exists  also  between  the  Mazat- 
zal  quartzite  and  the  succeeding  Paleozoic  strata,  for  the  latter 
often  abut  the  former  in  a  manner  indicating  a  hilly  character  of 
the  old  land  surface.  Of  this  later  sequence,  the  only  formation 
of  immediate  interest  in  connection  with  our  quartzite  is  a  Mid 
Cambric  sandstone  —  the  Tapeats  sandstone  of  the  Grand  Canyon 
region. 

The  Tapeats  sandstone  contrasts  strongly  with  Mazatzal  quart¬ 
zite  and  is  especially  distinguished  by  being  less  indurated,  and 
by  its  medium-bedded  to  flaggy  structure,  coarse-grained  to  almost 
pebbly  texture,  and  the  rusty  to  deep  red  coloration.  In  thick¬ 
ness  the  formations  run  from  a  few  inches  to  over  100  feet.  The 
component  sand  grains  are  generally  well-rounded,  or  ellipsoidal, 
in  shape,  and  the  pebbles  attain  sizes  over  an  inch  in  diameter. 
They  are  predominantly  white  quartz,  but  there  are  frequently 
present  variable  amounts  of  red  jasper,  feldspar,  quartzite,  schists, 
and  granite.  The  cementing  material  is  siliceous,  and  with  it  is  an 
abundance  of  limonite. 

Regarding  the  general  terranal  relations  it  is  to  be  noted  that 
the  Paleozoic  and  later  rocks  abut  the  folded  and  faulted  Pre- 
Cambrian  quartzites  which  are  being  considered.  Later  faulting 
and  folding  also  somewhat  disturbe  the  Paleozoic  beds;  but  most 
of  these  folds  appear  to  be  fractured  at  their  crests  and  troughs, 
so  that  nowhere  is  any  steep  dip  far  removed  from  the  vicinity 
of  a  fault.  This  relation  gives  rise  to  step-like  fault-blocks,  with 
which  the  usual  consideration  of  the  phenomenon  of  drag  might 
in  some  cases  easily  indicate  on  casual  inspection  a  wrong  direction 
of  movement.  No  definite  data  are  obtainable  relative  to  the 
geological  age  of  the  later  faulting,  beyond  the  circumstance 
that  Tertic  strata  are  seldom  affected  by  it,  an  exception  being 
in  the  Del  Rio  region,  where  the  lava  flows  may  be  earlier  than 
those  in  other  areas. 

The  main  body  of  the  Pre-Cambrian  quartzites,  that  portion 
exposed  in  the  northern  partion  of  the  Mazatzal  Range  covers 
an  area  of  over  forty  square  miles.  Beginning  at  North  Peak, 
it  extends  south  and  southwestward  to  a  point  about  three  miles 
south  of  the  Mazatzal  Peak. 

The  beds  rest  on  granites  and  schists  in  notable  unconformity. 
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that  is  locally  marked  by  thin,  basal  conglomerates.  No  Paleozoic 
rocks  are  observed  in  actual  association  with  the  quartzite  in  the 
Mazatzal  Mountains  area. 

On  the  whole  the  quartzite  beds  recline  flatly,  with  only  occa¬ 
sional  appreciable  dips,  and  the  latter  for  the  most  part  are  at 
angles  of  less  than  20  degrees.  In  the  vicinity  of  the  great  fault, 
which  cuts  diagonally  across  the  Range  immediately  north  of 
Mazatzal  Peak,  the  strata  are  rather  steeply  inclined. 

A  traverse,  by  F.  L.  Ransome,  up  the  Deer  Creek,  on  the  south 
side  of  Mazatzal  Peak,  to  an  elevation  of  6500  feet,  and  one  up 
the  North  Fork  of  the  same  stream,  revealed  a  section  of  Pre- 
Cambrian  quartzites  1400  feet  thick.  Associated  were  also  shales 
1000  feet  in  thickness,  and  comglomerates,  all  of  which  appear 
to  have  been  involved  in  one  or  more  of  the  same  Pre-Cambrian 
deformations  to  which  the  schists  were  subjected.  This  writer 
also  noted  that,  “Similar  quartzite  beds  were  observed  to  continue 
some  hundreds  of  feet  higher,  to  the  crest  of  the  ridge.”  It  is 
with  these  higher  masses,  rather  than  with  the  lower  ones,  that 
this  article  is  concerned.  The  first  mentioned  beds  are  not  in¬ 
volved  in  nearly  so  much  deformative  action  as  those  lower  down ; 
and,  furthermore,  they  contain  in  their  conglomeratic  phases 
abundant  pebbles  of  the  lower  quartzites,  schists,  and  slates. 

The  following  section  ajudged  to  be  the  thickest  outcrop  of  our 
quartzite  present  in  the  Mazatzal  Mountains,  is  measured  between 
the  summit  of  North  Peak  and  the  top  of  the  basement  schists. 


Mazatzal  Quartzites  of  North  Peak 

11.  Quartzite,  white  to  bluish  grey,  fine-grained,  but  containing  bands 

of  coarse-grained  and  cross-bedded  materials . Feet,  100 

10.  Conglomerate,  with  pebbles  up  to  one  inch  in  diameter,  and  con¬ 
sisting  of  white  quartz,  red  jasper,  feldspar,  granite  and  schist .  1 

9.  Quartzite,  gray,  similar  to  No.  11,  but  coarser  grained .  140 

8.  Conglomerate,  like  No.  10 .  3 

7.  Quartzite,  gray,  massive,  cliff-forming .  100 

6.  Quartzite,  brown,  massive .  25 

5.  Quartzite,  reddish,  pebbly,  often  cross-bedded .  80 

4.  Quartzite,  reddish,  vitreous,  fine-grained,  thin  bedded,  ripple- 

marked  on  slaty  surfaces .  250 

3.  Quartzite,  pale  brown,  vitreous,  massive,  cross-bedded,  weather¬ 
ing  to  sand .  150 

2.  Quartzite,  red,  massive,  often  with  alternating  strata  of  spotted, 

maroon-colored  slates  10  inches  thick .  100 

1.  Schists  of  basal  complex 

Total  thickness .  950- 
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The  Natural  Bridge  area  shows  the  most  complete  section  of 
the  Pre-Cambrian  quartzite,  and  also  presents  the  best  exposures 
displaying  its  relationships  with  both  the  older  and  younger  rocks. 
In  the  canyon  of  Pine  Creek  is  an  exposure  beginning  just  south 
of  the  Mormon  Village  of  Pine,  and  extending  southward  for  about 
six  miles  to  a  point  five  miles  north  of  the  junction  of  Pine  Creek 
with  the  East  Verde  River,  or  about  two  and  one-half  miles  south 
of  Natural  Bridge.  This  latter  place  is  a  popular  ranch,  or  sum¬ 
mer  resort,  situated  near  a  picturesue  natural  arch  of  recent 
travertine  that  has  grown  across  the  gorge  of  Pine  Creek  by 
deposition  from  spring  waters  issuing  from  the  Red  wall  limestone. 
The  Pre-Cambrian  quartzite  is  exposed  in  this  region  to  an  areal 
extent  of  about  8  square  miles  in  such  a  manner  that,  even  when 
viewed  on  the  map,  it  seems  to  project  out  of  the  Paleozoic  sedi¬ 
ments  and  Tertic  volcanics. 

This  apparent  anomally  is  easily  understood,  when  the  general 
stratigraphic  and  structural  relations  are  considered ;  for,  as  al¬ 
ready  mentioned,  the  Paleozoics  abut  the  old  hills  of  Pre-Cambrian 
quartzite.  Furthermore,  the  region  has  undergone  orogenic  dis¬ 
turbances  during  both  Pre-Cambrian  and  Post-Paleozoic  times. 
Those  of  the  latter  were  'considered  to  be  of  an  extent  negligible 
for  the  purpose  of  this  investigation;  but  those  of  Pre-Cam¬ 
brian  date  gave  rise  to  the  tilted,  major  fault-block  which  is  so 
prominent  today.  The  beds  of  this  rock  strike,  near  the  south¬ 
ern  edge  of  the  area,  about  50°  northeast-southwest,  and  dip 
about  50°  northwest;  but,  towards  the  northern  edge  of  the  area, 
the  strike  becomes  almost  north-south,  and  the  dip  gradually  flat¬ 
tens  out.  This  is  probably  due  to  Pre-Cambrian  transverse  fault¬ 
ing  of  the  major  block. 

Due  to  the  nature  of  the  old  uneven  surface,  the  Tapeats  sand¬ 
stone  is  for  the  most  part  absent  in  the  Natural  Bridge  region; 
however,  there  is  usually  between  the  Pre-Cambrian  rocks  and  the 
true  '‘Redwair’  limestone  a  member  which  in  different  localities 
varies  between  limestone,  sandstone,  and  arkose,  that  might  some¬ 
times  be  mistaken  for  the  Tapeats  formation.  Whether  this  al¬ 
ways  represents  merely  the  base  of  the  “Redwall”  limestone,  oc 
sometimes  the  Tapeats  sandstone  as  well,  is  difficult  to  say.  The 
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Tapeats  terrane  is  known  to  be  exposed  in  the  south  of  the  area, 
along  Pine  Creek.  Ransome  noted  its  occurrence  on  Pine  Creek, 
and  also  rather  near  at  hand  on  the  East  Verde  River. 

It  is  interesting  to  note,  that  near  the  quartzite  the  Redwall 
limestone  tends  to  become  more  cherty  than  usual,  and  often  con¬ 
tains  numerous  fragments  of  the  older  rock. 

Two  superb  sections  are  displayed  near  the  Natural  Bridge. 
One  of  these,  exposed  best  on  the  bluff  west  of  Pine  Creek,  has 
the  strike  of  the  strata  northeast  and  southwest,  and  the  dip  46 
degrees  southeast.  The  total  thickness  of  the  quartzites  as  out¬ 
cropping  is  1150  feet.  Its  most  notable  feature  is  the  thick  basal 
conglomerate,  more  than  300  feet  in  vertical  measurement.  The 
pebbles  attain  measurements  of  a  foot  or  more.  They  are  com¬ 
posed  of  aplite  and  schist  chiefly,  but  there  are  many  of  jasper, 
quartzite,  granite,  and  red  slate. 

The  quartzites  south  and  southeast  of  Pine  constitute  a  terrane 
nearly  2500  feet  in  exposed  thickness.  The  base  of  the  series  is 
well  displayed ;  and  higher  beds  are  seen  than  in  any  of  the  other 
sections. 

A  third  important  exposure  of  the  quartzite  is  southeast  of  Del 
Rio.  The  base  of  the  series  is  not  exposed;  but  the  top  is  shown 
in  unconformable  relation  with  the  Mid  Cambric  Tapeats  sand¬ 
stone,  followed  by  the  '‘Redwall”  limestone.  The  stratigraphic 
relationship  of  this  quartzite  with  the  Paleozoic  strata  is  expressed 
by  well  marked  angular  unconformity  similar  to  that  seen  in  the 
Natural  Bridge  area.  Due  to  the  facts  that  the  Paleozoics  are 
not  in  direct  association  with  the  quartzite,  except  in  comparatively 
few  places,  together  with  the  poorness  of  exposures  resulting 
from  the  Tapeats  beds  being  seldom  over  ten  feet  in  thickness 
and  weathering  badly,  this  relationship  is  often  difficult  for  the 
casual  observer  to  discern.  A  very  good  exposure  of  it,  however, 
is  to  be  seen  just  east  of  the  main  wash,  which  constitutes  the  head 
of  Granite  Creek.  The  thickness  of  the  section  is  about  1800  feet. 

Immediately  south  of  the  great  Mogollon  escarpment,  between 
the  heads  of  Tonto  Creek  and  East  Tonto  Creek,  there  outcrops 
approximately  20  square  miles  of  quartzite  of  the  Mazatzal  type. 
This  is  known  as  the  Tonto  Creek  area;  and  altogether  600  feet 
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of  the  formation  are  shown.  The  exposures  are  especially  note¬ 
worthy  because  of  the  fact  that  there  is  shown  over  the  old  Pre- 
Cambrian  quartzite  a  younger  Pre-Cambrian  sequence. 

The  older  quartzite  directly  overlies  Pre-Cambrian  schists  and 
granites,  with  ,  stratigraphic  hiatus  of  unestimated  magnitude. 
It  underlies,  with  unconformity  frequently  difficult  to  trace,  a 
younger  Pre-Cambrian  succession  entirely  different  from  itself. 
The  Paleozoic  rocks  of  the  Plateau  escarpment  abut  both  it  and 
these  younger  rocks. 

Exposures  in  Gordon  Canyon,  about  three  miles  south  of  the 
‘T3”  Ranch,  show,  abutting  the  Pre-Cambrian  rocks,  typical  Red- 
wall  limestone  overlying  with  apparent  conformity  about  100  feet 
of  brown'  flaggy,  cross-bedded,  coarse  sandstone,  which  may  rep¬ 
resent  either  the  Cambric  Tapeats  sandstone  or  a  sandy  base  of  the 
Carbonic  Redwall  Limestone. 

This  young  sequence  of  Pre-Cambrian  strata  consists  of  grey 
to  red-brown  quartzites,  about  250  feet  in  thickness,  overlain 
by  limestones  60  feet  thick. 

This  younger  quartzite  formation,  often  intruded  by  diabase,  is 
often  apparently  conformable  above  the  Mazatzal  section  except 
for  the  presence  of  a  basal  conglomerate  made  up  of  strikingly 
subangular  pebbles,  often  as  large  as  one  foot  in  diameter,  of  Ma¬ 
zatzal  materials,  held  in  a  red  and  sparkling  matrix.  Above  the 
•basal  conglomerate  are  a  few  layers  that  show  cross-bedding,  and  a 
few  that  show  tension-cracks  and  ripple-marks.  The  quartzite 
member  as  a  whole  is  characteristically  thin-bedded  and  well 
indurated. 

The  limestone  member  overlies  the  quartzite  member  in  appar¬ 
ent  conformity.  It  is  characteristically  dark  to  dark  gray  in  color, 
thin-bedded,  and  banded  with  chert.  It  is  subject  to  consider¬ 
able  alteration  resulting  in  the  development  of  serpentine.  Its 
observed  thickness  is  about  sixty  feet. 

Much  remains  to  be  considered  relative  to  our  complete  under¬ 
standing  of  the  sedimentation  phenomena  like  those  presented  by 
the  Mazatzal  quartzite.  Some  general  impressions  obtained  seem 
worthy  of  brief  relation;  and  they  appear  to  agree  best  with  the 
conception  that  the  Mazatzal  quartzite  was  laid  down  in  the  delta 
of  a  great  Pre-Cambrian  river,  which  emptied  into  a  steadily  en- 
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croaching  sea.  Of  course,  such  a  delta  must  have  been  very  large 
in  order  to  answer  the  requirements  of  the  area  of  the  Mazatzal 
quartzite;  but  the  delta  of  the  present-day  Ganges  River  for  in¬ 
stance,  has  a  front  of  about  220  miles,  an  inland  extension  of 
about  200  miles,  and  a  tidal  range  of  about  16  feet. 

The  observations  made  regarding  the  probable  nature  of  the  old 
surface  upon  which  the  Mazatzal  sands  were  deposited  suggest  a 
gently  undulating  plane  that  consisted  mainly  of  schists  and 
granites  containing  occasional  quartz-veins  and  minor  intrusives. 
It  is  not  within  the  scope  of  this  article  to  include  the  consideration 
of  the  schists,  granites,  and  similar  rocks  of  Pre-Cambrian  date; 
but  it  may  be  said  in  passing  that  the  presence  of  a  considerable 
thickness  of  quartzites  and  slates  within  the  schist  massif  of  the 
North  Peak  section  of  the  Mazatzal  Mountains,  indicates  the 
existence  of  a  cycle  of  events  earlier  than,  but  similar  to,  those 
which  obtained  during  the  .deposition  of  the  quartzites  especially 
studied. 

As  already  stated,  the  basal  conglomerate  of  the  great  quartzite 
sequence  is  in  some  places  entirely  absent,  but  in  the  Tonto  Creek 
area  it  is  well  presented,  and  in  the  Natural  Bridge  section  it 
attains  a  thickness  of  often  300  feet.  The  old  land-mass  may 
easily  have  possessed  local  valleys,  or  basins,  which,  after  sub¬ 
mergence,  would  naturally  catch  the  coarser  material  beaten  down 
from  the  cliffs  or  reworked  from  a  young  delta.  This  would  ex¬ 
plain  the  presence  of  the  coarse  arkosic  material,  together  with  the 
pebbles  of  both  subangular  and  ovally-rounded  character.  Where 
such  depressions  in  the  surface  did  not  occur,  the  quartzite  series 
might  naturally  enough  begin  abruptly  with  its  fine  materials 
resting  directly  on  the  older  rocks,  as  obtains  in  the  North  Peak 
section. 

The  whole  succession  above  the  basal  conglomerate,  is  charac¬ 
terized  by  being  almost  consistently  irregular;  namely,  fine-grain¬ 
ed,  cross-bedded  material  suddenly  becomes  coarse  and  then  fine 
again ;  then  there  is  a  lense,  or  a  bed  of  ripple-marked,  sun- 
cracked,  red  shale  or  slate,  that  often  contains  sand;  then  fine¬ 
grained  material  again,  and  so  on.  This,  if  we  follow  Barrell, 
approaches  closely  the  texture  to  be  expected  in  delta  deposits. 
The  shale,  or  slate,  beds,  always  lenticular  in  cross-section,  would 
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naturally  be  deposited  between  the  branching  “arms”  of  a  delta. 
Being  extremely  fine-grained  and  containing  abundant  iron  oxide, 
they  seem  to  represent  reworked  material  derived  from  the  more 
easily  eroded  iron-bearing  rocks  of  the  older  Pre-Cambrian  land- 
surface. 

Microscopic  slides  of  samples  taken  from  a  dozen  different 
strata  of  the  quartzite  succession  did  not  tell  much  regarding  de¬ 
position.  This  result  is  quite  in  accord  with  Bake,  who  says: 
“The  composition  and  texture  of  a  sandstone  may  furnish  cri¬ 
teria  regarding  its  derivation  and  transportation,  but  not  regarding 
its  method  of  deposition.”  However,  it  was  seen  that  in  the  slices 
examined  the  sand-grains  making  up  the  quartzite  consisted  al¬ 
most  entirely  of  quartz,  and  in  fragments  strikingly  subangular 
rather  than  rounded.  The  cementing  material  seems  to  be  silica, 
and  in  some  cases  silica  and  limonite.  It  is  interesting  to  call 
attention  here  to  the  fact  that  the  quartzite  near  Fort  Defiance, 
Arizona,  consists  of  “extremely  irregular  angular  quartz  grains 
bound  together  by  a  primary  siliceous  cement.”  It  may  at  first 
appear  surprising  that  no  feldspar,  zircon,  or  ferro-magnesian 
minerals,  were  observed  in  the  slices  from  the  quartzite ;  but  the 
work  of  Sherzer  has  shown  that  sand  grains  subjected  to  either 
wind,  water,  or  glacial  wear,  continued  from  a  sufficient  time,  come 
to  consist  almost  wholly  of  quartz,  and  each  type  of  abrasion  gives 
characteristic  forms.  Wind  abrasion,  according  to  him,  is  apt  to 
make  rounded  grains  much  more  rapidly  than  water;  hence  it 
seems  fair  to  assume  that  the  sand  material  making  up  the  Mazat- 
zal  quartzite  never  had  a  dune-sand  chapter  in  its  history. 

Cross-bedding,  which  is  a  conspicuous  feature  of  most  of  the 
Mazatzal  quartzite  beds,  is  known  to  be  a  mark  of  shifting  cur¬ 
rents.  If  of  wind  origin,  it  is  more  marked  than  the  true  bedding; 
but  this  does  not  obtain  in  the  case  of  the  Mazatzal  quartzite,  and 
so  it  indicates  subaqueous  deposition  in  proximity  to  a  shore.  The 
regularity  of  the  cross-bedding  in  stratum  after  stratum  of  course 
indicates  a  constancy  of  this  condition  scarcely  to  be  expected  upon 
a  sinking  sea  bottom;  but  the  presence  of  delta  conditions  would 
naturally  tend  to  equalize  such  factors  of  irregularity. 

Sun-cracks  occur  frequently  in  the  shale  and  slate  layers  of  the 
Mazatzal  formation.  A  river  at  flood  probably  deposited  these 
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members  as  muds  upon  wide  delta  flats  which,  when  the  flood 
subsided,  were  exposed  to  the  sun  and  air,  allowing  tension- 
cracks  to  form.  Then  the  next  flood,  or  else  a  seasonal  tide, 
swept  sands  over  the  flat,  filling  and  preserving  the  cracks. 

Many  ripple-marks,  usually  associated  with  the  slates  and  shales, 
were  noted  within  the  formation.  Most  of  these  measured  less 
than  six  inches  from  crest  to  crest ;  but  one  observed,  in  the  Nat¬ 
ural  Bridge  area,  measured  seven  feet  from  crest  to  crest  and 
nine  inches  of  depth  in  its  trough.  They  may  have  been  formed 
during  the  inundation  which  preserved  the  tension  cracks  men¬ 
tioned  above ;  and  the  gigantic  ones  may  have  been  formed  by  a 
great  tidal  wave  rather  than  by  a  river  flood. 

The  general  lack  of  limestone  in  such  a  thick  series  of  sedimen¬ 
tary  rocks  is  somewhat  of  a  negative  criterion.  However,  it  does 
argue,  along  with  the  sun-cracked,  ripple-marked  slates  and  shales, 
for  shallow-water  deposition.  Furthermore,  if  a  deposit  be  of 
delta  origin,  limestones  are  not  to  be  expected. 

Likewise,  it  seems  natural  that  the  conditions  for  life  in  the 
waters  of  a  Pre-Cambrian  delta,  while  by  no  means  prohibitive, 
would  not  be  distinctly  favorable.  Nevertheless,  it  is  hoped  that 
a  more  diligent  search  for  traces  of  organic  life  within  the  Mazat- 
zal  quartzites  themselves  may  throw  more  light  upon  this  phase  of 
the  problem. 
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TERRANAL  DIFFERENTIATION  OF  IOWA  CAMBRIC 

SUCCESSION^ 

By  Charlks  Keyes. 

Partly  because  of  the  fact  that  there  is  apparently  such  paucity 
of  organic  remains  contained  in  them,  and  partly  owing  to  the 
circumstance  that  they  occupy  so  restricted  an  area  within  the 
limits  of  our  state  the  formations  of  Cambric  age  receive  scant 
treatment  and  discription  with  little  detail.  Despite  their  nar¬ 
rowly  exposed  extent  these  rocks  really  constitute  one  of  the 
great  geological  successions  of  our  commonwealth.  Notwith¬ 
standing  their  threadlike  outcrop  in  the  vertical  cliffs  of  the 
Mississippi  gorge  they  are  yet  known,  through  means  of  deep- 
well  records,  corroborated  by  sky  observations  north  and  east, 
in  Wisconsin  and  Minnesota,  to  have  a  maximum  thickness  of 
upwards  of  1000  feet. 

Although,  curiously  enough,  these  rocks  were  among  the  first 
within  the  limits  of  our  state  to  get  modern  scientific  considera¬ 
tion  they  remain,  today,  hardly  better  understood  than  when 
Owen,  three-quarters  of  a  century  ago,  retired  from  the  field. 
Even  the  late' Governmental  and  State  surveys  seem  to  add  little 
that  is  new  or  definite  to  our  very  antiquated  knowledge. 

In  reality,  so  limited  are  Cambric  rock  outcrops  within  our 
boundaries  that  some  of  the  terranes  cannot  be  adequately,  or 
properly  treated  by  themselves.  They  have  to  be  regarded  in 
connection  with  the  same  formations  of  nearby  states.  Geological 
science  knows  no  political  boundaries.  Discussion  of  the  larger, 
or  continental,  relationships  of  these  rocks  is  for  the  first  time 
possible. 

With  something  of  their  broader  aspects  in  mind,  I  recently 
had  opportunity  to  study  rather  closely  that  magnificent  section 

1  Paper  read  before  the  Iowa  Academy  of  Sciences,  Iowa  City  Meeting. 
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exposed  along  the  bluffs  of  the  Mississippi  River,  between  Dubu¬ 
que  and  St.  Paul;  and  thereby  to  adjust  some  of  the  previously 
disconnected  observations  in  this  region.  During  the  summer 
before,  a  brief  trip  was  made  along  the  line  of  the  Chicago,  Mil¬ 
waukee  and  St.  Paul  railway,  from  La  Crosse,  through  Sparta 
and  Tomah,  to  Portage.  Years  before  the  sections  about  Madi¬ 
son  were  examined;  and  the  Minnesota  River  outcrops  were  also 
noted  in  some  detail.  Recently  the  last  mentioned  localities  were 
reviewed  anew.  The  conclusions  reached  are  briefly  summed  up 
in  the  accompanying  notes. 

From  a  strictly  historical  angle  the  Cambric  section  under 
consideration  has  an  especial  interest  for  reason  of  the  fact  that 
it  was  part  of  that  exposure  where  modern  stratigraphic  correla¬ 
tion  by  means  of  contained  organic  remains  was  first  introduced 
into  this  country  from  England.  This  accomplishment  was  the 
effort  of  Thomas  Nuttall,  who,  in  the  summer  of  1809,  made  a 
canoe  voyage  from  the  mouth  of  the  Wisconsin  to  the  mouth  of 
the  Missouri  River. ^  Nuttall,  although  primarily  a  botanist  and 
ornithologist,  garnered  plentifully  of  the  fossils  which  came  in  his 
way  on  the  trip.  These  he  later  studied  carefully  and  compared 
with  the  then  recent  descriptions  by  Martin  of  the  fossils  of  the 
Derbyshire  district  of  England.  Since  the  majority  of  his  own 
collections  were  from  the  rocks  now  known  as  the  Mississippian 
limestones,  of  Early  Carbonic  age,  he  naturally  found  Ameri¬ 
can  forms  closely  related,  if  not  identical  with,  the  English 
species.^ 

This  northeastern  Iowa  section  happens,  also,  to  be  among  the 
first  identifications  on  the  American  continent  of  Murchison’s  Silu¬ 
rian  system.  While  the  New  York  geologists  of  that  day  were 
busily  engaged  in  attempts  to  establish  a  “New  York  System,” 
comparable  with  Murchison’s  Siluria  and  Sedgwick’s  Cambria. 
Owen*  was  patiently  and  properly  fitting  the  rocks  of  the  Upper 
Mississippi  basin  to  the  newly  established  English  scheme. 

Nuttall’s  determinations  of  the  rocks  of  the  Mississippi  bluffs 
to  be  the  equivalents  of  the  Mountain  limestones  (Early  Carbonic) 
farther  south  had  a  curiously  aberrant  influence  upon  subsequent 

2  Jour.  Acad.  Nat.  Sci.,  Philadelphia,  Vol.  II,  pp.  14-52,  1821. 

3  Pop.  Sci.  Monthly,  Vol.  LXXXIV,  p.  184,  1914. 

4  Twenty-eighth  Cong.,  1st.  Sess.,  Sen.  Ex.  Doc.  Na  407,  145  pp.,  1844. 
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correlations  in  the  north.  Thus,  the  Julian  (Galena),  or  lead¬ 
bearing,  dolomite  was  called  by  Schoolcraft,®  in  1823,  the  Metal¬ 
liferous  Limestone,  and  was  referred  to  what  was  later  termed 
the  Carboniferous  section  in  England.  In  the  same  year  the  same 
formation  was  termed  by  Keating®  the  Magnesian  Limestone,  and 
regarded  as  the  equivalent  of  the  Permian  Magnesian  formation 
of  northern  England.  By  Feather stonhaugh^  in  1835,  it  was 
designated  the  Galeniferous  Limestone — another  Carbonic  name. 
In  1840,  Owen®  thought  all  the  strata  beneath  the  Peter  sand¬ 
stone  of  the  lead  region  were  Devonic  in  age;  but  he  quickly 
changed^  this  part  of  the  section  to  Murchison’s  Lower  Silurian. 
This  last  mentioned  term  continued  to  be  used  exclusively  in  this 
country  until  about  1872,  when  Dr.  T.  Sterry  Hunt^®  advocated 
the  adoption  of  Sedgwick’s  title  Cambrian.  In  this  he  was  fol¬ 
lowed  by  Prof.  James  D.  Dana.^^  However,  Dr.  Gerard 
Troost^^  30  years  before,  was  probably  really  the  first  person  to 
use  properly  the  Sedgwickian  name  in  America. 

The  Paleozoic  strata  below  the  Peter  sandstone  are  conspicu¬ 
ously  grouped  into  an  upper,  dominantly  dolomitic  sequence,  and 
a  lower,  distinctly  arenaceous  succession.  This  distinction  is 
early  reflected  in  Owen’s  titles  Lower  Magnesian  Formation  and 
Lower  Sandstone.  In  late  years  these  terms  are  slightly  modified 
into  Magnesian  series  and  Siliceous  series.  The  United  States 
Geological  Survey  further  endeavors  to  fix  Owen’s  subdivisions, 
ex  cathedra,  by  proposing  for  the  upper  member  a  new  geographic 
name,  designating  the  dolomites  the  Prairie  du  Chien  formation. 

It  is  not  quite  clear  at  this  distant  day  just  how  much  of  a 
section  Owen  originally  intended  to  include  in  his  Lower  Mag¬ 
nesian  terrane.  Although  he  apparently  embraces  all  of  the  dolo¬ 
mitic  beds  so  high  as  the  Peter  sandstone,  it  is  doubtful  whether 

5  Narrative  Journal  of  Travel,  etc.,  to  Source  of  Mississippi  River,  Cass  Exped., 
414  pp.,  Albany,  1821. 

6  Narrative  of  Exped.  to  Source  of  St.  Peter’s  River,  etc.  under  Maj.  Stephen  H 
Long,  two  vols.,  Philadelphia,  1824. 

7  Rept.  Geol.  Rec.  to  Coteau  du  Prairie,  p.  158,  Washington,  1836. 

8  Rept.  Geol.  Expl.  Iowa,  Wisconsin  and  Illinois,  26th  Cong.,  1st.  Sess.,  House 
Doc.  No.  239,  161  pp.,  1840. 

9  Twenty-eighth  Cong.,  1st  Sess.,  Sen.  Doc.  No.  407,  p.  32,  1844. 

10  Canadian  Naturalist,  N.  S.,  Vol.  VI,  p.  281,  1872. 

11  Am.  Jour.  Sci.,  (3),  Vol.  VIII,  p.  218,  1874. 

12  Tennessee  Geol.  Surv.,  Sixth  Ann.  Rept.,  p.  4,  1841. 
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he  ever  really  saw  the  uppermost  member,  which  we  now  know  as 
the  Shakopee  formation.  This  last  mentioned  formation  only 
Shumard  seems  to  describe  clearly,  but  without  actually  recog¬ 
nizing  it  as  different.^^ 

When  in  later  years  the  two  great  successions  —  the  dolomitic 
and  the  arenaceous  —  came  to  be  subdivided,  and  distinctive  geo¬ 
graphic  names  were  given  to  the  several  members,  there  was  pro¬ 
vided  a  basis  for  critical  stratigraphic  discussion.  In  addition,  the 
supposed  paucity  of  fossils  was  largely  removed,  and  delimitation 
of  the  faunal  elements  were  sharply  defined. 

Although  the  biotic  lines  lately  drawn  by  Hall  and  Sardeson^^ 
are  perhaps  as  exact  as  the  lithologic  boundaries  recognized,  the 
remarkable  clearness  of  the  faunal  delimitation  is  doubtless  not  so 
fundamentally  significant  in  a  stratigraphic  way  as  the  authors 
mentioned  would  have  us  believe.  Their  conclusions  admit  of 
wholly  different  interpretation.  Nevertheless  the  recently  ob¬ 
tained  results  concerning  the  vertical  ranges  of  the  several  groups 
of  organic  remains  strongly  corroborate  the  arguments  of  the 
Minnesota  workers. 

Throughout  Cambric  time  the  Upper  Mississippi  region  was 
manifestly  either  a  land  area  or  was  occupied  by  shallow  epi¬ 
continental  seas.  This  tract  was  subject  to  constant  oscillatory 
movement  that  did  not  depart  either  up  or  down  very  far  from 
sea-level.  Of  the  enormous  thickness  of  Cambric  beds  displayed 
in  the  west,  in  the  Canadian  Rockies,  sections  measurable  in 
miles  rather  than  meters  or  feet,  little  relatively  was  represented 
in  Iowa.  Still,  the  1300  feet  of  vertical  section  made  the  sequence 
one  of  the  great  successions  of  our  State.  All  Sediments  of  Early 
Cambric  age  and  perhaps  one-half  of  those  of  Mid  Cambric  date 
were  unrepresented.  If  any  of  them  ever  were  present  over  the 
province  they  were  early  removed  during  long  land  periods. 

Although  the  present  areal  exposure  of  these  rocks  within  the 
limits  of  Iowa  is  so  restricted,  the  terranal  sky  determinations  in 
adjoining  states  are  clearly  reflected  in  deep- well  sections  of  our 
own  state.  In  this  respect  the  log  of  the  Tipton  deep-well  is 
particularly  exact  and  illuminating.^®  It  is  not  probable  that  any 

13  Geol.  Surv.  Wisconsin,  Iowa  and  Minnesota,  p.  682,  1852. 

14  Bull.  Geol.  'Soc.  America,  Vol.  VI,  p.  167,  1895. 

15  Iowa  Geol.  Surv.,  Vol.  XXI,  p.  449,  1912. 
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portion  of  these  sediments  belong  to  Early  Cambric  age.  Whether 
any  part  of  the  basal  Mid  Cambric  series  is  present  remains  to  be 
determined.  The  so-called  Tipton  sandstones  and  shales^®  may 
eventually  prove  to  be  Mid  Cambric  in  age  rather  pre-Cambrian 
to  which  they  are  now  referred. 

To  the  Croixan  series,  of  Mid  Cambric  affinities,  which  com¬ 
prises  the  lowermost  succession  of  sandstones,  Owen^^  and  other 
early  geologists  in  this  region  gave  the  designation  Lower  Sand¬ 
stone.  In  after  years  this  sequence  was  correlated  with  the  Pots¬ 
dam  sandstone  of  the  New  York  section.  White  thus  makes 
allusion  to  it.  Even  so  late  as  1907  Calvin  is  inclined  to  this  old 
mis-fit  nomenclature. 

The  eroded  surface  of  ancient  crystallines  upon  which  these 
Croixan  sandstones  recline  is  distinctly  an  old  peneplain,  as 
smooth  and  as  extensive  perhaps  as  ever  chances  to  develop.  Like 
the  great  basal  sandstone  of  the  Coal  Measures  the  bottom  ter- 
rane  of  the  Cambric  section  of  the  region  probably  is  not  in  its 
several  parts  of  the  same  age,  but  constitutes  a  homeogeneous 
lithologic  unit  disposed  obliquely  to  the  general  stratigraphic 
planes. 

To  this  basal  arenaceous  member  the  Minnesota  title  Hinckley 
Sandstone  should  be  restricted,  if  that  name  is  to  be  used  at  all. 
In  the  reports  of  the  Iowa  Survey  the  loose  significance  of  the 
northern  workers  is  followed.  Now,  since  this  name  is  severely 
limited  it  should  be  so  retained  until  it  is  finally  demonstrated 
that  some  other  title  is  more  appropriate.  There  is  possibility  of 
this,  because  as  yet  there  are  no  published  data,  according  to 
Upham  indicating  that  at  the  original  locality  in  Pine  County, 
Minnesota,  the  Hinckley  Sandstone  is  the  lowermost  Paleozoic 
formation. 

Although  the  Hinckley  Sandstone,  as  thus  defined,  finds  no 
outcrop  within  the  limits  of  Iowa,  it  is  easily  recognizable  in 
deep-well  logs.  In  the  Tipton  well  section  as  analyzed  by 

16  Proc.  Iowa  Acad.  Sci.,  Vol.  XIX,  p.  149,  1912. 

17  Geol,  Surv,  Wisconsin,  Iowa  and  Minnesota,  p.  48,  1852. 

18  Geology  of  Iowa,  Vol.  I,  p.  171,  1870. 

19  Minnesota  Geol.  Surv.,  Final  Rept.  Vol.  II,  p.  xxii,  1888. 

20  Iowa  Geol.  Surv.,  Vol.,  I,  p.  23,  1892;  also.  Ibid,,  Vol.  XXII,  p.  155,  1913. 

21  Minnesota  Geol.  Surv.,  Final  Kept.,  Vol.  II,  p.  629,  1884. 

22  Iowa  Geol.  Surv.,  Vol.  XXI,  p.  215,  1912. 
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Norton,  the  sandrock  immediately  underlying  the  lowest  marls,  or 
beginning  at  a  depth  of  2100  feet,  and  extending  to  2200  feet, 
appears  to  comprise  the  Hinckley  terrane.  The  bottom  is  here 
1435  feet  below  sea-level. 

Judged  alone  from  the  brief  and  rather  vague  description  given 
by  Ulrich  the  term  Mt.  Simon  Sandstone  is  apparently  an  exact 
synonym  of  Upham’s  earlier  name  Hinckley  Sandstone.  But 
the  pre-Cambrian  topography  is  so  uneven  that  horizons  many 
hundreds  of  feet  apart  may  coincide  with  the  ancient  erosion  sur¬ 
face.  For  this  reason  the  basal  Hinckley  Sandstone  resting  direct  ¬ 
ly  upon  the  crystalline  complex  may  attain  a  very  great  thickness 
before  attaining  a  level  characterized  by  the  coarse  grits  and 
evenly  bedded  layers  to  which  Ulrich’s  title  is  especially  applicable. 
Simon  Sandstone  is  therefore  retained  for  beds  which  are  much 
higher  stratigraphically  than  the  typical  Hinckley  strata.  At  Eau 
Clare,  Wisconsin,  the  formation  attains  a  vertical  measurement  of 
more  than  225  feet. 

For  some  reason  or  other  Wooster’s  early  title  Eau  Clare 
Beds^^  never  came  into  general  usage  in  Wisconsin,  It  would 
probably  have  continued  to  remain  in  oblivion  had  not  Ulrich  re¬ 
cently  revived  it.  Quoting  from  Ulrich  manuscripts  Walcott 
adopts  the  name ;  and  it  thus  becomes  a  useful  title  for  the  sandy 
shales  lying  immediately  beneath  the  great  Dresbach  Sandstone. 

As  originally  proposed  by  Winchell  the  title  Dresbach  desig¬ 
nated  a  single  massive  sandstone  bed,  125  feet  in  thickness,  which 
was  extensively  quarried  at  the  railway  station  of  that  name  in 
Winona  County,  Minnesota.  Subsequently  the  term  was  made 
to  embrace  also  extensive  greensands  above  and  other  sands  and 
shales  below.  In  extending  the  term  to  the  Iowa  section  there 
was  included  somewhat  more  than  the  great  sandstone  plate  of 
Minnesota.  It  covered  not  only  the  sandstone  but  the  overlying 
soft  sandrock  and  shales  as  high  as  the  first  dolomite.  Later 
writers  as  Twenhofel  and  Thwaites,  expand  the  title  still  farther, 
so  as  to  take  in  the  entire  sequence  down  to  the  pre-Cambrian 

23  Smithsonian  Misc,  Coll.,  Vol.  lyVII,  p.  354,  1914. 

24  Geology  of  Wisconsin,  Vol.  IV,  p.  110,  1882. 

26  Smithsonian  Misc.  Coll,,  Vol.  LVII,  p.  354,  1914, 

26  Minnesota  Geol.  Surv.,  Final  Kept.,  Vol.  II,  p.  xxii,  1888. 

27  Iowa  Geol,  Surv.,  Vol.  I,  p.  23,  1893. 

28  Journal  of  Geology,  Vol.  XXVII,  p.  614,  1919. 
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complex.  In  view  of  the  recent  recognition  of  definite  terranes 
above  and  below,  it  now  appears  best  to  restore  the  term  Dres- 
bach  Sandstone  to  its  original  sense.  This  is  done  in  the  late 
Iowa  reports.^® 

When  the  early  volumes  of  the  present  Geological  Survey  of 
Iowa  were  published  need  was  found  for  a  geographic  term  to 
cover  the  incoherent  mottled  sandrocks  which  were  displayed  in 
the  Mississippi  gorge  above  Lansing.  This  determination  could 
not  be  made  in  time  for  the  first  report,^®  and  mention  of  the 
beds  in  question  was  omitted  altogether.  In  the  Iowa  part  of  the 
gorge  Calvin  was  unable  to  decide  upon  a  basal  limit,  notwith¬ 
standing  the  fact  that  he  minutely  described  the  upper  part  of  the 
section. 

Several  years  later  Berkey,^^  in  Minnesota,  without  defining 
either  the  upper  or  lower  limits,  proposed  the  title  Franconia 
Sandstone  for  this  part  of  the  Mid  Cambric  succession  as  exposed 
at  the  St.  Croix  Dalles.  This  name,  after  proper  definition, 
might  be  retained  were  it  not  for  the  fact  that  it  was  long  ago 
pre-occupied  for  a  formation  in  New  Hampshire.  It  therefore 
becomes  invalid.  Hence  the  name  Albin  Shales  is  substituted  — 
a  title  derived  from  the  northernmost  town  in  Allamakee  County 
where  the  beds  are  finely  displayed. 

For  some  unaccountable  reason  the  members  of  the  United 
States  Geological  Survey  unite  the  Albin  Shales  with  the  over- 
lying  dolomite.  The  same  error  creeps  into  Norton’s  Iowa  re¬ 
port.^* 

In  proposing  the  term  Allamakee  for  the  nether  dolomite  of  the 
Cambric  succession  in  the  Upper  Mississippi  valley  it  is  with 
full  cognizance  of  the  fact  that  for  many  years  the  formation  to 
which  it  is  applied  has  been  widely  known  as  the  St.  Lawrence 
limestone.  The  latter  designation  is  clearly  a  misnomer.  As 
originally  employed  by  Winchell,®^  in  the  Minnesota  River  sec- 

29  Iowa  Geol.  Surv.,  Vol.  XXII,  p.  155,  1913. 

30  Iowa  Geol.  Surv.,  Vol.  I,  p.  23,  1893. 

31  Ibid.,  Vol.  IV,  p.  57,  1891 

32  American  Geologist,  Vol.  XX,  p.  373,  1897. 

33  U.  S.  Geol.  Surv.,  Water  Supply  Pap.  No.  256,  p.  63,  1911;  Ibid.,  No.  293, 
p.  65,  1912. 

34  Iowa  Geol.  Surv.,  Vol.  XXI,  p.  67,  1912. 

35  Minnesota  Geol.  Surv.,  Second  Ann.  Kept.,  p.  152,  1874. 
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tion,  the  name  actually  applies  only  to  a  small,  exposed  surface  of 
the  main  body  of  Magnesian  limestone  —  of  what  is  designated  in 
the  Iowa  reports  as  the  Oneota  Dolomite.  When  the  Winchell 
title  comes  to  be  applied  to  the  exposures  in  the  southeastern  parts 
of  Minnesota  on  the  Mississippi  River  it  refers  to  an  entirely  dis¬ 
tinct  terrane.  In  this  latter  sense  the  name  finds  its  way  into 
Iowa.  As  such  there  is  direct  violation  of  primary  canons  of 
nomenclature.  The  name  virtually  assumes  the  rank  of  a  pre¬ 
occupied  term,  and  is  therefore  invalid.  The  error  arises  mainly 
because  of  early  wrong  interpretation  of  the  stratigraphic  position 
of  the  sandstone  immediately  overlying. 

Were  it  not  for  the  fact  that  Shipton’s  formational  name 
Sparta  was  already  pre-occupied  by  Vaughn  for  a  Tertiary 
terrane  in  Louisiana,  this  title  might  be  readily  extended  so  as  to 
cover  the  entire  dolomitic  bed ;  and  therefore  become  a  valid  and 
useful  term. 

The  Allamakee  Dolomite  seems  to  have  as  yet  no  recognizable 
representative  in  Minnesota. 

In  substituting  the  name  Waukon  Sandstone  for  the  older  title 
Jordan  Sandstone,  as  used  in  Iowa,  not  the  typical  Jordan  ter¬ 
rane,  it  is  with  a  keen  sense  of  necessity,  because  of  the  fact  that 
the  term  Jordan  as  originally  proposed  refers  to  an  entirely  dif¬ 
ferent  stratigraphic  unit.  There  is  curious  confusion  on  part 
of  the  Minnesota  workers  in  the  designation  of  the  terranes  in  the 
Minnesota  River  section.  Beginning  along  the  last  mentioned  line 
correlations  are  carried  into  the  southeastern  portion  of  the  state, 
where  the  same  names  are  found  to  apply  to  entirely  distinct  for¬ 
mations.  When  the  mistakes  are  recognized  the  confusion  is  ren¬ 
dered  all  the  more  distressing  for  reason  of  direct  violation  of  all 
rules  of  nomenclature.  Not  only  are  new  names  used,  but  old 
ones  are  given  new  meanings. 

In  view  of  the  fact  that  the  title  Jordan  Sandstone  as  originally 
proposed  is  valid  its  mistaken  extension  to  other  formations  leaves 
the  thick  sandstone  terrane  beneath  the  Oneota  Dolomite  as  ex- ' 
posed  in  northeastern  Iowa,  southeastern  Minnesota  and  south¬ 
western  Wisconsin  that  has  commonly  masqueraded  under  this 

36  Proc.  Iowa  Acad.  Sci.,  Vol.  XXIII,  p.  142,  1916. 

37  American  Geologist,  Vol.  XV,  p.  225,  1895. 
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title,  without  geographic  designation.  Waukon  Sandstone  takes 
its  name  from  the  county  seat  of  Allamakee  County.  In  this 
vicinity  the  formation  is  well  exposed. 

Irving’s  names  Madison  Sandstone  and  Mendota  Limestone 
are  sometimes  regarded  as  synomymous  with  “Jordan”  (Waukon) 
Sandstone  and  St.  Lawrence  Limestone;  but  personal  examina¬ 
tions  of  the  type  localities  north  and  south  of  the  city  of  Madison, 
do  not  seem  to  support  this  assumption.  This  view  is  also  further 
and  independently  verified  by  F.  W.  Sardeson,  many  years  ago, 
by  means  of  extensive  collections  of  fossils.  These  sections  were 
visited  in  the  summer  of  1893,  during  the  sessions  of  the  Ameri¬ 
can  Association  for  the  Advancement  of  Science  which  were  being 
held  in  the  Wisconsin  capital.  In  company  with  Professors  Van 
Hise,  Winchell,  Calvin,  Lonsdale  and  a  number  of  others  who 
were  especially  interested  in  this  particular  topic,  I  had  oppor¬ 
tunity  to  inspect  closely  the  stratigraphic  relations  of  these  forma¬ 
tions.  At  the  time,  I  remember,  it  was  concluded  that  the  Madi¬ 
son  division  appeared  to  be  composed  of  two  distinct  formations, 
of  which  one  only  might  prove  to  be  the  so-called  Jordan  (Wau¬ 
kon)  of  the  Iowa  sections.  The  Mendota  Dolomite  was  thought 
to  be  probably  merely  a  local  development.  Sardeson  believes  it 
to  be  traceable  to  St.  Lawrence,  Minnesota.  Recently  Ulrich 
carries  out  the  first  suggestion  further,  by  considering  the  place 
of  the  Mendota  Dolomite  to  be  between  the  Madison  Sandstone 
and  the  so-called  Jordan,  or  Waukon,  Sandstone.  Sardeson’s  cor¬ 
relation  that  the  Mendota  and  so-called  St.  Lawrence  (Allama¬ 
kee)  dolomites  near  Madison  City  are  parts  of  the  same  terrane 
is  accordingly  certainly  wrong. 

The  Waukon  Sandstone  appears  to  be  unrepresented  along  the 
Minnesota  River.  Elsewhere  it  is  often  masqued  under  the  vague 
title  of  St.  Croix  sandstone. 

Were  it  not  for  the  unfortunate  circumstance  that  the  title 
St.  Lawrence  Limestone  was  originally  applied  only  to  some  of 
the  upper  layers  of  the  main  body  of  the  Lower  Magnesian  lime¬ 
stone  of  Owen,  and  the  further  fact  that  in  subsequent  correla¬ 
tions  wrong  determinations  were  so  often  and  so  widely  made,  the 

38  Am.  Jour.  Sci.,  (3),  Vol.  IX,  p.  441,  1875. 

39  Bull.  Geol.  Soc.  America,  Vol.  XXVII,  p.  460,  1916. 

40  Bull.  Geol.  Soc.  America,  Vol.  VI,  p.  172,  1895. 
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term  might  be  advantageously  extended  in  scope  so  as  to  take 
precedence  over  McGee’s  later  proposed  name  Oneota.^^  It  seems 
most  clarifying  not  to  attempt  this;  but  to  drop  the  Minnesota 
term  altogether  and  use  the  already  widely  adopted  Oneota. 

In  the  early  volumes  of  the  present  Iowa  Geological  Survey 
McGee’s  usage  of  the  title  Oneota  for  the  main  body  of  the 
Cambric  dolomite  was  extended  to  cover^^  the  entire  lower 
Magnesian  limestone  of  Owen.  A  decade  afterwards  Bain  went 
back  to  McGee’s  original  definition;  while  the  geographic  term 
Prairie  du  Chien  was  proposed  to  cover  exactly  Owen’s  Lower 
Magnesian  section.  Calvin,  who  was  always  partial  to  Owen’s 
subdivision,  naturally  adopts  at  once  the  title  Prairie  du  Chien. 
This  author,  however,  was  somewhat  obesed  because  of  his  paleon¬ 
tological  observations.  In  1892,  having  had  opportunity  to  ex¬ 
amine  the  local  collections  of  fossils  belonging  to  Mr.  F.  H.  Luthe, 
then  of  McGregor,  he  ascribed  the  fauna  thus  obtained  to  the 
whole  of  the  Lower  Magnesian  dolomite.*®  Because,  also  of  the 
strong  Ordovicic  aspect  of  the  McGregor  forms  he  was  further 
led  to  remove  all  the  Lower  Magnesian  beds  from  the  Cambric 
section  and  include  them  in  the  next  younger  period.*’^  This  pro¬ 
cedure  was  by  no  means  a  necessary  consequence  of  his  study. 

Now,  none  of  the  Luthe  fossils  were  found  in  situ.  All  were 
taken  from  talus  fragments  resting  under  the  brow  of  the  high 
river  clifif.  Furthermore,  as  Mr.  Luthe  lately  informed  me,  the 
collections  came  from  cherty  layers  which  characterize  the  upper¬ 
most  layers  of  the  cliff,  and  above  a  Thin  sandstone  stratum  — 
Calvin’s  New  Richmond  layer.  So  the  faunal  assemblage  de¬ 
scribed  by  Calvin  was  not  a  true  Lower  Magnesian  limestone 
fauna  at  all,  but  only  that  which  characterizes  a  superior  restricted 
portion  of  it.  It  was  in  reality  the  typical  Shakopee  phase. 

Out  of  the  entire  succession  of  Cambric  beds  of  the  Upper  Mis¬ 
sissippi  basin  the  two  guide-horizons  par  excellance,  are  the  thick 
main  body  of  dolomite,  or  Oneota  formation,  and  the  Peter 

41  Eleventh  Ann.  Kept.,  U.  S.  G.  S.,  p.  331,  1891. 

42  Iowa  Geol.  Surv.,  Vol.  I,  p.  21,  1893;  also.  Ibid.,  Vol.  IV,  p.  61,  1895. 

43  Bull.  U.  S.  Geol.  Surv.,  No.  246,  p.  18,  1905. 

44  Geol.  Atlas  U.  S.,  Folio  145,  p.  3,  1907. 

45  Iowa  Geol.  Surv.,  Vol.  VII,  p.  194,  1907. 

46  American  Geologist,  Vol.  X,  p.  144,  1892. 

47  Iowa  Geol.  Surv.,  Vol.  XVII,  p.  192,  1907. 
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sandstone.  To  these  in  correlation  all  other  strata  have  to  be 
sooner  or  later  referred.  A  few  years  ago  when  it  was  found  im¬ 
possible  from  the  literature  alone  satisfactorily  to  parallel  the 
Iowa  and  Minnesota  Cambric  sections  there  was  undertaken  a 
special  inspection  of  type  localities  in  the  Minnesota  River  valley. 
The  gorge  was  followed  from  Mankato  to  St.  Paul.  There 
seemed  to  be  no  trouble  in  recognizing  in  the  so-called  St.  Law¬ 
rence  limestone  the  superior  portion  of  the  Oneota  Dolomite  of 
northeastern  Iowa;  and  in  the  Jordan  Sandstone  the  layer  which 
at  one  time  by  error  farther  south  had  been  called  by  Winchell 
the  New  Richmond  terrane. 

Although  the  St.  Lawrence  Dolomite  was  found  exposed  only 
for  a  distance  of  a  few  feet  above  the  water  level  of  the  river 
well-records  of  the  neighborhood  showed  conclusively  that  the 
formation  was  really  very  thick,  usually  over  150  feet.  Suspi¬ 
cions  were  at  once  aroused  that  this  was  indeed  the  “main  body” 
of  dolomite.  On  the  basis  of  this  hypothesis  the  bed  was  traced 
eastward  and  southeastward  into  Iowa.  Winchell’s  early  rock 
nomenclature  in  the  southeastern  counties  of  Minnesota  appeared 
to  be  correct.  Some  of  the  Iowa  correlations  were  certainly 
wrong.  Small  wonder  that  Hall  and  Sardeson  have  to  conclude 
that  “The  St.  Lawrence  and  Oneota  Dolomites  have  a  large  pro¬ 
portion  of  their  known  organic  remains  in  common.” 

It  was  these  manifest  uncertainties  in  published  correlations 
concerning  the  Cambric  terranes  which,  in  the  early  reports  of  the 
present  Iowa  Geological  Survey,  led  to  the  usage  of  only  the 
larger  subdivisional  names,  and  the  extension  of  McGee’s  Oneota 
Dolomite  to  cover  the  whole  of  Owen’s  Lower  Magnesian  Lime¬ 
stone. 

When,  as  a  geological  title  the  name  Jordan  was  first  intro¬ 
duced  by  Alexander  Winchell,^®  in  1872,  in  connection  with  an  ac¬ 
count  of  certain  brine  wells,  located  50  miles  southwest  of  St. 
Paul,  in  the  valley  of  Minnesota  River,  it  designated  an  arena¬ 
ceous  bed  about  25  feet  thick,  which  occupied  at  the  town  of 
Jordan  the  bottom  of  a  stream  valley,  the  cliffs  above  being  form¬ 
ed  of  gray  dolomites.  For  a  distance  of  many  miles  northeast  of 

48  Bull.  Geol.  Soc.  America,  Vol.  VI,  p.  198,  1895. 

49  Kept.  Geol.  Surv.  of  Vicinity  of  Belleplaine,  Scott,  Co.  Minn.,  Pamphlet,  16 
pp.,  St.  Paul,  1872. 
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the  town  of  Mankato  this  hard  Shakopee  formation  composes  the 
upper  wall  of  the  river  gorge.  Rapid  weathering  of  the  friable 
sandstone  beneath  greatly  accentuates  the  normal  relief,  and  per¬ 
mits  the  resistant  dolomite  to  form  mural  escarpments  along  the 
stream.  Near  Mankato,  where  the  Minnesota  River  makes  a 
sharp  bend,  another  massive  dolomite  reaches  sky  in  the  bottom  of 
the  gorge.  This  exposure  is  denominated  by  N.  H.  Winchell 
the  St.  Lawrence  Limestone.  As  shown  by  recently  drilled  wells 
this  last  mentioned  formation  attains  a  thickness  of  more  than  150 
feet.  It  is  really  the  main  dolomitic  body  of  the  Magnesian  se¬ 
quence  of  the  region. 

This  characteristic  sandstone  exposed  at  the  station  of  Jordan 
and  originally  designated  by  this  name,  appears  to  be  the  same 
stratum  later  noted  by  Woorster,®^  in  Wisconsin,  and  there  called 
by  him  the  New  Richmond  Sandstone.  Woorster  points  out  the 
fact  that  the  two  formations  seemingly  hold  the  same  stratigraphic 
position. 

It  is  the  mistaken  identification  of  various  sandstones  with  the 
Jordan  Sandstone  that  is  at  the  bottom  of  all  the  correlative  con¬ 
fusion  concerning  the  Cambric  formations  of  Minnesota.  When 
in  the  deep  drill-wells  in  St.  Paul,  Upham  fancied  that  he  recog¬ 
nized  the  thinned  New  Richmond  Sandstone  of  the  Wisconsin  sec¬ 
tion,  he  at  once  concluded  that  it  divided  the  Shakopee  Dolomite. 
He  especially  distinguished  it  by  calling  it  the  “Elevator  B” 
sandstone.  On  the  strength  of  this  surmise  Winchell  immediately 
proceeded  to  revise  the  Cambric  succession  throughout  the  state. 
In  all  of  the  southeastern  counties  he  regarded  the  Jordan  sand¬ 
stone  as  erroneously  identified.®®  It  now  transpires  that  only  in 
these  localities  really  is  the  succession  correctly  interpreted. 

In  Houston,®*  Winona,®®  Filmore,®®  and  neighboring  counties 
situated  near  Iowa  the  term  Jordan  Sandstone  is  properly  applied. 
In  Iowa  it  is  the  custom  to  call  this  terrane  the  New  Richmond 
Sandstone.  The  typical  Jordan  Sandstone  lies  above,  instead  of 

50  Minnesota  Geol.  Surv,,  Second  Ann.  Rept.,  p.  152,  1874. 

51  Wisconsin  Geol.  Surv.,  Vol.  IV,  p.  106,  1882. 

52  Minnesota  Geol.  Surv.,  Final  Kept.,  Vol.  II,  p.  xxii,  1888. 

63  Minnesota  Geol.  Surv.,  Final  Kept.,  Vol.  II,  p.  xxii,  1888. 

54  Minnesota  Geol.  Surv.,  Final  Kept.,  Vol.  I,  p.  221,  1884. 

55  Ibid.,  Vol.  I,  p.  252. 

66  Ibid.,  Vol.  I,  p.  287. 
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beneath,  the  Oneota  Dolomite.  As  a  terranal  title  New  Rich¬ 
mond  drops  out  of  Iowa  geological  nomenclature. 

In  Calvings  report  on  Allamakee  County,®^  and  in  his  report  on 
Winneshiek  County,®®  as  well  as  in  Leonard’s  report  on  Clayton 
County  ®®  the  words  New  Richmond  should  be  changed  to  Jordan. 

In  the  latest  geological  report®®  on  the  lower  Minnesota  River 
valley,  issued  by  the  Federal  government  not  all  of  the  early  mis¬ 
takes  in  correlation  by  Winchell  appear  to  have  been  corrected  by 
Sardeson  and  there  may  be  other  errors  in  identifications  of  ter- 
ranes  with  those  of  other  states.  The  very  data  which  are  there 
published  demonstrate  the  misinterpretations  that  are  made  else¬ 
where  by  other  workers.  The  best  drill-well  sections  in  the  Min¬ 
neapolis  quadrangle  seem  to  show  conclusively  that  the  Oneota  and 
Shakopee  Dolomites  are  not  part  of  the  same  formation.  The 
thick  dolomite  beneath  the  Jordan  Sandstone,  which  is  clearly  re¬ 
vealed  in  good  well  records,  is  wholly  unaccounted  for.  Neither 
is  the  Ordovicic  age  of  the  Oneota  Dolomite  proved  by  the  evi¬ 
dence  adduced.  That  the  Shakopee  Dolomite  should  carry  some 
Ordovicic  forms  does  not  preclude  its  ranking  in  the  Cambric  suc¬ 
cession.  Here,  again,  under  the  illusion  that  it  is  erecting  some¬ 
thing  new  under  the  sun  the  mischievous  consequences  of  Ulrich’s 
forced  attempt  to  found  another  system  out  of  the  Early  Ordovicic 
and  Late  Cambric  beds  is  brought  home. 

The  topmost  member  of  the  Cambric  section  was  especially 
noted  so  early  as  1850,  by  Shumard,®^  who  well  described  the 
formation  as  it  outcropped  in  front  of  the  village  of  the  Indian 
chief  Shakopee,  on  the  Minnesota  River.  A  quarter  of  a  century 
later  the  terrane  was  defined  and  christened  the  Shakopee  Lime¬ 
stone.®^  Because  of  its  position  between  the  Peter  Sandstone  and 
the  Oneota  Dolomite  its  identity  was  always  readily  inferred.  In 
parts  of  Wisconsin  it  was  unrepresented  according  to  Twenhofel 
and  Thwaites,®®  it  probably  having  been  locally  eroded  before  the 

57  Iowa  Geol.  Surv.,  Vol.  IV,  p.  62,  1894. 

58  Ibid..  Vol.  XVI,  p.  68,  1906. 

59  Ibid.,  Vol.  XVI,  p.  241,  1906. 

60  U.  S.  Geol.  Atlas,  Folio  201,  1916. 

61  Geol.  Rept.  Wisconsin,  Iowa  and  Minnesota,  p.  682,  1852. 

62  Minnesota  Geol.  Surv.,  Second  Ann.  Kept.,  p.  139,  1874. 

63  Journal  of  Geology,  Vol.  XXVI,  p.  616,  1920. 
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deposition  of  the  Peter  Sandstone.  Elsewhere  in  Wisconsin  it  is 
known  as  the  Willow  River  Sandstone.®* 

With  the  Iowa  section  the  correlations  of  Cambric  terranes  of 
neighboring  states  are  indicated  in  the  subjoined  table. 


Correlation  of  Iowa  Cambric  Terranes 


Iowa 

Minnesota 

Wisconsin 

Peter  sandstone 
(Ordovicic) 

Peter  sandstone 

Peter  sandstone 

Interval 

Shakopee  dolomite 
Jordan  sandstone 
Oneota  dolomite 
Waukon  sandstone 

Interval 

Allamakee  dolomite 
Interval 
Albin  shales 

Interval 

Dresbach  sandstone 
Eau  Clare  shales 
Simon  sandstone 
Hinckley  sandstones 

Interval 
Pre-Cambrian  complex 


Shakopee  dolomite 
Jordan  (original) 

St.  Lawrence  (part) 
Jordan  (part) 

(Wanting) 

Franconia  shales 

Dresbach  sandstone 
St.  Croix  (part) 

Hinckley  sandstones 


Shakopee  dolomite 
New  Richmond  S. 
Oneota  dolomite 
Jordan  (part) 

St.  Lawrence  dol. 

Franconia  shales 

Dresbach  sandstone 
Eau  Clare  shales 
Simon  sandstone 
Hinckley  sandstones 


64  Geol.  Surv.  Wisconsin,  Vol.  IV,  p.  106,  1882. 
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EDITORIAL 

Political  Inherency  of  Geological  Science 

A  generation  ago  geologists  the  world  over  looked  with  fond 
delight  and  supreme  admiration  upon  that  bulky  set  of  magnificent 
tomes  known  as  the  Pacific  Railroad  Reports.  Loudly  extolling 
the  immensities  of  the  natural  resources  of  southern  and  south¬ 
western  United  States  these  sumptuous  volumes  long  served  as 
veritable  mines  of  information  concerning  the  geological  features 
of  the  regions  of  which  they  treated. 

Especially  notable  was  the  evident  stress  placed  upon  the  purely 
scientific  aspects  of  the  themes  presented.  With  the  latter  were 
associated  the  names  of  many  of  the  foremost  geologists  of  that 
day.  Among  them  were  James  Hall,  Jules  Marcou,  John  S.  New¬ 
berry,  Thomas  Antisell,  William  P.  Blake,  James  Shiel,  John 
Evans,  and  George  Gibbs. 

But  the  chief  motif  of  the  reports  seems  not  to  have  been  so 
altruistic  as  simple  scientific  disquisitions  might  lead  one  to  be¬ 
lieve.  Their  basic  aim  appears  to  have  been  as  sordid  as  that  of 
some  of  the  Government  reports  of  later  days.  These  surveys 
were  not  all  that  they  pretended  to  be.  They  were  in  reality  poli¬ 
tical  and  commercial  propaganda  as  deeply  dyed  in  the  public 
controversy  of  that  time  as  any  other  that  immediately  preceded 
the  Civil  War.  They  were,  indeed,  pro-slavery  documents,  as 
pernicious  and  insinuatory  as  the  northern  geologists,  who  were 
made  use  of,  were  innocent  of  their  real  mission. 

The  attempt  to  check  the  influence  of  these  famous  volumes  was 
also  commercial,  sectional  and  selfish;  and  the  success  of  the  at¬ 
tempt  proved  to  be  the  spark  which  fell  into  the  powder  keg  and 
precipitated  the  great  armed  conflict  among  brethren.  The  emi¬ 
nent  scientists  of  that  day  were  unwittingly  drawn  into  a  nefar- 
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ious  scheme  as  readily  as  many  another  of  this  class  in  our  day 
becomes  connected  with  unholy  commercial  enterprises  to  the 
great  detriment  of  the  public.  Our  earlier  scientists  could  hardly 
suspect  that  they  were  being  made  the  basis  of  an  unmatched  gam¬ 
ble  in  which  stake  was  the  life  of  the  greatest  nation  of  all  history. 

The  railroad  setting  of  the  national  political  conventions  just 
before  the  out-break  of  the  Civil  War  was  little  noted  at  the 
time.  Yet  it  was  the  most  potent  single  factor  of  that  day.  As 
the  tie  that  bound  together  the  circle  from  which  its  central  voice 
uttered  the  sentiments  of  the  platform  of  1860  this  railroad  grasp 
was  the  basic  influence  which  soon  precipitated  armed  conflict 
within  the  nation.  One  phase,  the  most  important  of  all  it  proved, 
was  the  possibility  of  the  early  spanning  of  the  continent  by  bands 
of  steel.  The  Union  Pacific  railroad  project  was  then  already 
crystallizing  as  a  private  enterprise  so  as  to  be  soon  pushed  rapidly 
forward  towards  the  Golden  Gate.  Its  completion  would  immed¬ 
iately  open  to  settlement  no  less  than  a  dozen  new  territories, 
which  would  soon  grow  into  large  and  lusty  states.  This  single 
act  would  place  the  South  hopelessly  in  the  minority  in  political 
influence.  Heretofore  new  states  were  admitted  to  the  Union 
in  pairs  —  one  north  and  one  south.  A  balance  was  always  nicely 
maintained.  Now,  with  the  early  completion  of  a  northern  rail¬ 
road  in  sight,  that  balance  would  be  rudely  disturbed;  and  the 
South  could  never  expect  to  retain  or  regain  its  place  in  the  sun. 

War  with  Mexico  left  to  us  that  questionable  legacy  of  a  vast 
tract  of  new  territory  which,  while  it  rounded  out  our  national 
expansion  quite  to  the  Pacific  Ocean,  gave  birth  to  new  internal 
contentions,  and  new  rivalries  between  the  North  and  the  South. 
The  Republic’s  demesne  now  crossed  the  continent.  On  either  side 
of  the  continental  expanse  the  sea-coasts  were  well  settled ;  but 
the  illimitable  interior  was  yet  given  over  to  the  savagery  of 
nature.  Genuine  and  urgent  need  thus  arose  for  easy  and  speedy 
communication  between  the  two  widely  seperated  civilizations. 
This  need  Congress,  in  the  fifties  of  the  last  century,  took  steps  to 
accomplish  in  the  form  of  providing  for  the  surveying  of  practi¬ 
cal  lines  for  railway  building  from  the  Mississippi  River  to  the 
Pacific  Ocean. 

During  the  decade  preceding  the  outbreak  of  the  Civil  War  no 
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less  than  five  feasible  routes  were  located  by  these  Pacific  Rail¬ 
road  Surveys,  as  they  were  called.  Under  the  cloak  of  the  War 
Department  their  political  aspects  seemed  never  to  have  been  re¬ 
vealed.  Their  ulterior  purpose  seemed  to  escape  notice.  Incentive 
of  their  initiation  was  cunningly  hidden.  The  personal  selfishness 
of  their  proposal  never  reached  the  light  of  day.  Their  sectional 
advantages  were  subtilely  camouflaged.  In  the  excitement  of  the 
rebellion  which  followed  so  closely,  their  real  significance  was 
never  unearthed.  After  the  close  of  the  War,  when  their  ultimate 
design  was  no  longer  in  need  of  support,  their  supposed  object 
was  soon  forgotten,  so  far  as  the  general  public  was  concerned. 
It  may  be  doubted  whether  to  the  latter  suspicion  ever  did  really 
arise  as  to  their  larger  functions  and  national  bearings. 

Of  these  five  Pacific  Railroad  Surveys,  three  were  located 
in  the  South  and  two  in  the  North.  They  were  carried  out  mainly 
under  the  supervision  of  Jefferson  Davis,  then  Secretary  of  War. 
This  fact,  doubtless,  had  much  to  do  with  the  course  of  railroad 
building  events  and  the  political  welfare  of  the  country.  For 
some  reason  never  explained  only  the  surveys  of  the  southern 
routes  were  reported.  The  thirteen  sumptuous  quarto  volumes, 
entitled  the  “Pacific  Railroad  Reports,”  were  mainly  devoted  to 
the  advertising  of  the  vast  resources  of  the  country  traversed  by 
these  southern  lines. 

Nevertheless,  the  southern  routes  could  not  be  made  to  attract 
capital.  The  long  stretches  of  waterless,  verdureless  desert 
through  which  they  passed  were  not  spanned  until  long  after  the 
northern  line  was  completed  and  operated.  Southern  money  failed 
to  respond  to  the  proposal  for  their  construction.  Southern  dream 
of  boundless  new  slave  territory  was  dissolved. 

Concerning  the  two  northern  lines  little  was  ever  divulged  by 
Davis  to  the  public.  All  the  notes,  maps,  reports,  and  other  in¬ 
formation  of  the  northernmost  route,  since  followed  by  the  Great 
Northern  Railway,  were  suppressed.  It  was  claimed  that  they 
were  lost  in  transit  between  the  Pacific  Coast  and  Washington.  At 
any  rate,  nothing  more  was  ever  heard  of  them,  and  no  attempt 
was  ever  made  even  to  bring  the  main  facts  to  light. 

The  official  reports  of  the  other  northern  route,  along  the  forty- 
first  parallel,  were  also  slighted.  But  this  line  proved  commer- 
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dally  the  most  feasible  and  attractive  of  all,  and  it  received  first 
financial  consideration  from  private  sources  when  it  came  to  actual 
construction  operations.  Despite  the  obstacles  which  appear  to 
have  been  put  in  the  way  by  the  War  Department  of  the  Govern¬ 
ment,  the  plan  of  building  steadily  matured.  A  northern  road  ac¬ 
complished  first  what  the  South  had  designed  to  reserve  exclu¬ 
sively  for  herself,  and  opened  vast  virgin  expanses  in  which  sla¬ 
very  could  never  have  had  part.  Thus,  there  was  a  distinct  com¬ 
mercial  setting  to  Squatter  Sovereignty  in  those  years  immediately 
preceding  the  War  that  never  drew  public  attention,  but  which 
had  deep  and  critical  political  bearing. 

Unwittingly  the  South  passed  on  to  the  North  the  prize  which 
it,  itself,  held  most  dear.  Nature  sided  with  the  North.  Slavery 
stood  already  doomed.  The  South’s  only  salvation  was  recourse 
to  arms.  The  North  might  not  fight.  No  confederation  of  states, 
however,  could  rise  successfully  against  such  tremendous  odds  as 
the  combined  forces  of  nature,  commerce,  and  superior  man¬ 
power.  At  this  distant  day,  and  in  view  of  the  far-reaching  re¬ 
sults  of  the  Great  Conflict,  it  seems  folly  that  the  South  could 
expect  its  gigantic,  bulldozing  tactics  to  work  even  once  more.  On 
the  other  hand,  display  of  even  a  little  tact  on  the  part  of  Nor¬ 
thern  political  leaders  at  a  critical  moment  would  doubtless  have 
deterred  the  South  however  much  disgruntled,  from  making  the 
attempt.  Immediately  before  the  War  the  railroad  situation  in 
the  West  was  in  the  hands  of  a  new,  aggressive  and  determined 
group  of  men  who,  advance  guards  in  this  field,  had  in  their  make¬ 
up  all  those  sturdy  qualities  which  characterize  that  early  genera¬ 
tion  of  pioneers  who  first  blazed  the  forest  paths.  Railroads  were 
building  out  from  the  Great  Lakes.  The  present  Rock  Island  line 
was  surveyed  through  to  the  Missouri  River  and,  already  half  com¬ 
pleted,  was  rapidly  pushing  forward  construction.  The  Union 
Pacific  Railway  was  projected  to  commence  where  the  Rock  Island 
road  ended.  Linking  together  of  the  two  oceans  by  bands  of  steel 
was  in  sight. 

Private  enterprise  never  before  entered  upon  such  prodigious 
project.  The  undertaking  was  really  national  in  scope.  None 
grasped  this  larger  situation  so  quickly  as  some  of  the  little  group 
of  Chicago  railroad  men.  There  must  be  substantial  help  obtained 
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from  the  Government  despite  the  latter’s  strong  opposition  to  the 
plan.  Taking  the  matter  into  politics  held  out  only  hope.  Amidst 
the  political  excitement  of  that  day  railroading  held  little  of  the 
public  attention.  Thus,  railroad  influence  in  public  affairs  was 
lost  sight  of  for  the  next  few  years.  That  it  was  not  dead  was 
reflected  every  now  and  then  in  many  political  policies.  The 
national  trend  is  shown  in  the  platforms  of  the  political  parties. 

When  the  national  Democratic  convention  met  in  Charleston,  in 
April,  1860,  the  platform  offered  by  the  majority  of  the  resolutions 
committee,  on  which  were  delegates  from  15  slave  states,  reflected 
the  determined  policy  of  Jefferson  Davis  and  the  South,  but  it 
made  no  allusion  to  railroad  matters.  This  was,  indeed,  passing 
strange,  especially  in  view  of  the  fact  that  this  theme  was  one 
which  Davis  had  had  so  very  much  at  heart.  A  minority  report 
of  the  same  committee,  presented  by  Benjamin  M.  Samuels,  of 
Iowa,  strongly  stressed  Governmental  aid  to  insure  construction  of 
a  railway  line  to  the  Pacific  Coast.  The  minority  portion  of  the 
committee  represented  a  majority  of  the  people  who  had  voted  at 
the  previous  general  election.  After  the  Slave-state  delegates 
bolted  the  convention  the  Samuels  platform  was  speedily  adopted. 

As  the  best  known  statesman  of  the  day  and  as  an  active  aspi¬ 
rant  for  the  highest  office  in  the  gift  of  the  Nation,  Senator 
Stephen  A.  Douglas  of  Illinois,  had  an  unique  role  to  play.  That 
he  was  no  doubt  early  acquainted  with  the  western  railroad  schemes 
is  amply  attested  by  not  a  few  of  his  many  political  machinations 
which  are  otherwise  so  perfectly  inexplicable.  How  close  he  ac¬ 
tually  was  to  the  Illinois  railroad  crowd  will  perhaps  never  be 
revealed,  but  it  is  probable  that  it  w^as  never  nearer  than  his  own 
political  preferment  dictated.  The  possibility  of  his  winning  over 
to  the  railroad  support  long  before  the  opening  of  the  national 
conventions  seemed  only  a  necessary  consequence  of  his  astute 
insight  into  the  general  situation.  His  stand  on  Squatter  Sover¬ 
eignty  was  so  pleasing  to  a  very  considerable  portion  of  the  Re¬ 
publicans  that  they  were  quite  willing  to  support  him  for  the 
Presidency.  By  thus  more  than  off-setting  any  possible  small  de¬ 
flection  of  Southerners  this  insured  his  election.  But  when  the 
Democrats  split  at  Charleston  with  so  large  a  withdrawal  of  Slave- 
state  support  certain  victory  was  suddenly  turned  into  certain 
defeat. 
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To  Norman  B.  Judd,  attorney,  prominent  officer  and  resource¬ 
ful  all-around  man  of  the  Rock  Island  Railroad,  this  foregone 
conclusion  came  with  staggering  reality.  The  railroad  coterie  had 
to  turn  elsewhere  if  it  expected  to  get  Governmental  aid  for  its 
grand  project.  It  was  decided  to  put  its  own  candidate  in  this 
field;  and  this  choice  was  Abraham  Lincoln,  an  attorney  for  the 
Illinois  Central  and  other  western  railroads.  Judd  thereupon  un¬ 
dertook  the  task  of  turning  the  presidential  nomination  to  his 
close  colleague  Lincoln.  John  A.  Kasson,  of  Iowa,  attorney  for 
the  Mississippi  River  and  Missouri  River  (Rock  Island)  railroad, 
and  chairman  of  the  Iowa  State  Central  Committee,  was  entrusted 
with  the  duty  of  drawing  up  the  railroad  plank  for  the  Lincoln 
platform.  He  did  even  more.  It  was  certainly  something  more 
than  mere  coincidence  that  these  two  Iowa  railroad  men,  Kasson 
and  Samuels,  should  guide  the  destinies  of  opposing  parties. 

Relative  to  the  solution  of  the  most  momentous  political  problem 
of  the  day  which  railroad  enterprise  was  to  turn  to  its  own  ac¬ 
count,  but  in  so  doing  was  to  lay  bare  the  rock  upon  which  our 
noble  Ship  of  State  almost  foundered,  Iowa  in  the  first  lenstrum 
before  the  War,  occupied  a  peculiarly  strategic  position.  The 
Fates  placed  her  in  the  forefront.  Four  lines  of  railroad  were 
building  across  this  State.  The  Union  Pacific  line  was  so  located 
in  the  preliminary  traverse  as  to  meet  these  at  a  common  point 
on  the  Missouri  River.  So  important  was  the  Iowa  position  in 
both  the  western  and  the  national  railroad  circles  that  the  infer¬ 
ence  can  not  be  avoided  that  the  two  Iowa  men  sent  to  both  of  the 
national  conventions  of  1860  were  on  that  account  charged  with 
the  duty  of  framing  the  respective  platforms. 

The  Chicago  platform  was  not  entirely  written  at  a  single  sitting. 
It  was  not  so  spontaneously  evolved  as  history  makes  it  appear. 
The  promptness  with  which  it  was  reported  to  the  Convention  on 
the  following  morning  was  not  a  direct  measure  of  the  unanimity 
of  opinion,  or  the  ease  with  which  the  members  of  the  committee 
could  agree.  Mr.  Kasson  of  Iowa  really  had  the  greater  part  of 
the  platform  thought  out  and  partly  constructed  long  before  he 
ever  reached  Chicago.  This  Chicago  platform  was  unmistakably 
the  State  platform  of  the  Iowa  Republicans  of  the  previous  year, 
to  which  was  prefixed  a  few  other  and  less  important  sections. 
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As  an  expression  of  local  State  policy,  the  Iowa  platform  of 
1859  was  not  such.  It  dealt  exclusively  with  national  affairs.  Mr. 
Kasson,  upon  his  re-election  to  the  chairmanship  of  the  Iowa 
State  Central  Committee,  entered  with  great  enthusiasm  and  zest 
upon  the  duties  of  forming  an  efficient  organization  in  the  State. 
The  State  platform  was  entirely  his  effort.  He  gave  the  theme 
much  thought.  In  losing  sight  of  his  State  in  this  matter  he 
chanced  to  compose  a  document  that  was  to  drive  his  political 
opponents  to  the  wall,  into  revolt  and  bloody  civil  war,  and  to 
prostrate  his  country  for  half  a  century. 

Kasson  was  maneuvered  into  his  unique  position  by  a  strange 
combination  of  circumstances.  He  manifestly  little  realized  at 
the  time  the  remarkably  strategic  position  which  he  really  occu¬ 
pied  in  national  affairs.  It  is  doubtful  whether  he  ever  realized 
the  grand  role  of  the  post  which  the  Fates  had  decreed  for  him, 
but  which  he  so  signally  failed  to  interpret.  There  was  not  at  that 
time  even  faintly  adumbrated  anything  of  that  marvelous  diplo¬ 
matic  acumen  and  tact  which  in  after  years  so  characterized  all  of 
his  actions,  raised  him  to  front  rank  in  American  diplomacy,  and 
stamped  him  one  of  the  great  statesmen  of  the  world.  Had  he, 
in  Chicago,  displayed  even  the  tiniest  particle  of  those  later  super¬ 
lative  qualities,  the  American  Civil  War  might  have  been  per¬ 
manently  averted. 

If  the  promulgator  of  Squatter  Sovereignty  had  been  nominated 
a  month  before  at  the  Charleston  Convention,  instead  of  at  Bal¬ 
timore  a  month  after,  the  Chicago  Convention,  it  is  not  at  all 
probable  that  Lincoln  would  have  received  the  nomination  at  the 
hands  of  the  Republicans,  and  even  if  he  had  received  it  it  is  not 
likely  that  he  could  have 'been  elected.  But  with  the  new  turn 
of  fortune’s  wheel  the  old  debate  burst  out  anew  and  with  greater 
fierceness  than  ever.  Previous  to  the  Chicago  Convention  there 
were  many  Republicans  who  were  willing  to  support  Senator 
Douglas  on  account  of  his  stand  on  Squatter  Sovereignty.  Very 
little  concession  at  that  time  would  have  appeased  the  Constitution¬ 
al  Union  Party. 

As  the  campaign  developed  Douglas  soon  alienated  the  very 
considerable  Bell  faction  of  his  own  party  without  gaining  in 
place  of  it  any  of  the  Lincoln  strength.  The  South  early  recog- 
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nized  that  it  could  not  elect  its  own  candidate  Breckenridge ;  and 
the  Bell  followers  were  soon  more  interested  in  the  defeat  of 
Douglas  than  that  of  Lincoln.  Split  in  three  ways,  the  great 
national  Democratic  Party  easily  lost;  lost  to  a  little  company  of 
western  railroaders. 

Never  had  geologist  done  his  work  so  well  as  on  those  pioneer 
Pacific  Railroad  Surveys ;  and  seldom  had  such  work  been  put  to 
baser  use.  Unwittingly  the  scientists  were  instrumental  in  pre¬ 
cipitating  one  of  the  great  political  upheavals  of  the  ages.  Their 
simple  and  honest  efforts  were  faithfully  performed  to  enlighten 
a  world.  They  were  recklessly  made  dupes  for  Davis  and  the 
South.  It  was  the  irony  of  Fate  that  Nature  could  not  permit 
such  ruthless  overruling  of  her  laws.  And  the  unfair  advantage 
thus  taken  accomplished  the  very  thing  that  Southern  politicians 
most  of  all  desired  not  to  happen.  Those  who  were  to  participate 
in  exclusive  benefits  received  instead  lasting  injuries.  In  the’ mad 
struggle  that  followed  to  retain  the  advantage  thought  to  be  gained 
in  such  unholy  way,  the  leaders  involved  failed  utterly  to  perceive 
their  approaching  disolution. 

But  these  scientific  results  were  lasting,  dispite  the*  seeming 
havoc  which  they  had  wrought.  All  that  were  attained  on  the 
Pacific  Railroad  Surveys  while  failing  the  South  rebounded  to 
the  North.  They  were  leisurely  garnered  by  northern  railroad 
projectors  —  master  pioneers  in  their  way.  After  the  close  of  the 
War,  and  after  matters  had  settled  down  a  bit,  the  “lost”  data  on 
the  northern  surveys  were  partly  recovered  or  replaced.  The  very 
men  who  made  them  joined  the  corps  of  the  Union  Pacific  Rail¬ 
road  and  gave  in  private  to  the  public  what  an  imperious  Govern¬ 
ment  had  deliberately  withheld.  It  was  indeed  an  unheard  of 
thing  that  the  scientific  accomplishments  of  simple-minded  geolo¬ 
gists  should  furnish  the  tinder,  which  flashing,  aroused  half  the  na¬ 
tion  into  rebellion. 

So,  as  Sienkiewicz  relates  of  the  Roman  Nero,  the  power  of  the 
first  railroad  tyrant  passed,  as  a  whirlwind,  as  a  storm,  as  a  fire, 
as  war  or  death  passes ;  but  a  great  steel  roadway  survives,  serves 
its  proper  function  to  an  appreciative  public,  and  from  its  stra- 
tigic  situation  controls  the  communication  of  a  continent,  and 
guides  the  commerce  of  the  world. 
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Delimitations  of  Sundry  Arizona  Terranes.  A  number  of  un¬ 
familiar  formational  terms  are  included  in  the  recently  issued  table 
of  geological  mapping  units.^  Some  of  these  designations  are  al¬ 
ready  long  in  use  in  States  adjoining  Arizona.  Others  now 
appear  for  the  first  time  as  terranal  titles;  but  the  accompanying 
definitions,  assigned  geographical  locations,  and  stratigraphic  posi¬ 
tions,  enable  each  to  be  readily  identified  in  the  field.  A  complete 
list  of  titles  which  have  been  applied  to  Arizona’s  geological  for¬ 
mations,  together  with  their  definitions  and  full  synonomy  are  re¬ 
served  for  another  connection. 

Adanana  Shales.  Title  is  proposed  for  Ward’s  fourth  shale  bed 
above  the  Aubreyan  limestones  in  the  Moenkopian  section  of  the 
Navajo  country,  and  exposed  in  full  measurement  near  the  rail¬ 
road  station  of  Adanana,  in  Apache  County. 

Archuleta  Shales^  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XIII,  p. 
224,  1908.)  Name  is  suggested  for  Shaler’s  Animas  Formation, 
which  title  is  preoccupied. 

Armedaris  Limestones,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol. 
XXII,  p.  260,  1916.) 

Aubreyan  Series,  Gilbert.  (U.  S.  Geol.  and  Geog.  Surv.  W. 
100  Merid.,  Vol.  Ill,  p.  177,  1875.) 

Aztecan  Series,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XIII,  p. 
226,  1908.) 

Bella  Shales,  Keyes.  (Trans.  American  Inst.  Mining  Eng.,  Vol. 
XXXIX,  p.  147,  1909.) 

Canyon  Largo  Sandstones,  Newberry.  (MaComb’s  Exped. 
Green  River,  Geol.  Rept.,  p.  1,  1876.) 

Chacra  Sandstones,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XIII, 
p.  224,  1908.) 

1  This  Journal,  Vol.  XXXVIII,  pp.  250-251,  1922. 
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Chaman  Series,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XIII, 
p.  224,  1908.) 

Chiquifo  Sandstones.  Name  is  derived  from  the  Rio  Chiquito 
Colorado,  in  the  lower  valley  of  which  the  rocks  are  well  exposed. 

Chiricahuan  Series,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XXII, 
p.  261,  1916.) 

Chloridian  Series,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XXII, 
p.  261,  1916.) 

Cibola  Limestones,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol.  XXII, 
p.  261,  1916.) 

Cochise  Limestones.  Name  is  proposed  for  the  lower  part  of  the 
Fredericksburg  section  of  Texas,  finely  exposed  in  the  southeast¬ 
ern  portion  of  Arizona. 

Comanchan  Series,  Hill.  (Am.  Jour.  Sci.,  (3),  Vol.  XXXIII, 
p.  298,  1887.) 

Dolor esian  Series,  Cross.  (Atlas  of  United  States,  U.  S.  Geol. 
Surv.,  Folio  57,  p.  2,  1899.) 

Dragoonan  Series,  Dumble.  (Trans.  American  Inst.  Mining 
Eng.,  Vol.  XXXI,  p.  713,  1902.) 

Edwards  Limestones,  Hill  and  Vaughn.  (Eighteenth  Ann. 
Rept.  U.  S.  Geol.  Surv.,  Pt.  ii,  p.  227,  1898.) 

Elden  Limestones.  Name  is  derived  from  Elden  Mountain, 
near  Flagstaff,  and  covers  the  beds  of  the  Mississippian  series 
carrying  the  Keokuk  fauna. 

El  Pasan  Series,  Keyes.  (Science,  N.  S.,  Vol.  XXIII,  p.  922, 
1906.) 

Havasupai  Sandstones.  Term  is  applied  to  the  median  sand¬ 
stone  section  of  the  Aubreyan  series,  best  exposed  in  the  rim  wall 
near  the  Bass  Camp  west  of  El  Tovar. 

Holbrook  Sandstones.  Title  is  suggested  for  the  main  sand¬ 
stone  section  of  the  Moenkopian  series  in  the  Rio  Puerco  valley, 
especially  in  Navajo  County. 

Huethawali  Limestone.  Designation  for  the  lower  200  feet  of 
the  limestones  of  the  Aubreyan  series,  typically  exposed  in  the 
esplanade  at  the  head  of  Bass  Canyon,  west  of  El  Tovar. 

LaPlata  Sandstones,  Cross  and  Spencer.  (Atlas  of  United 
States,  U.  S.  Geol.  Surv.,  Folio  60,  p.  4,  1899.) 
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Le  Roux  Limestones,  Ward.  (Am.  Jour.  Sci.,  (4),  Vol.  XII, 
p.  401,  1901.)  Title  is  restricted  from  Ward’s  original  usage. 

Lohali  Sandstones.  Term  proposed  for  the  main  body  of  the 
Dakotan  series  as  devoloped  near  Laholi,  in  Apache  County,  west 
of  Chinle,  and  northwest  of  Fort  Defiance. 

Lukashukai  Sandstones.  Application  for  the  lower  sandstone 
section  of  the  Doloresian  series,  as  outcropping  in  the  Lukashukai 
valley,  at  the  north  end  of  the  Chuska  Mountains. 

McBlmo  Shales,  Cross  and  Spencer.  (Atlas  of  United  States, 
U.  S.  Geol.  Surv.,  Folio  60,  p.  4,  1899.) 

Mimbresian  Series,  Keyes.  (Rept.  Governor  New  Mexico  to 
Secretary  of  Interior,  for  1903,  p.  311,  1904.) 

M  or  end  Limestones,  Lindgren.  (Trans.  American  Inst.  Min¬ 
ing  Eng.,  Vol.  XXXV.  p.  513,  1905.)  Name  is  here  restricted  to 
the  lowermost  of  the  Devonic  limestones  of  the  eastern  part  of 
the  State. 

Muleros  Sandstones.  The  name  is  suggested  for  the  capping 
member  of  the  Cerro  de  Muleros,  west  of  El  Paso,  and  repre¬ 
sented  by  the  lower  part  of  the  Cintura  formation,  as  described 
by  Ransome  in  the  southeastern  part  of  the  State. 

Nacimientan  Series,  Keyes.  (Proc.  Iowa  Acad.  Sci.,  Vol. 
XXII,  p.  224,  1908.) 

Naiad  Limestones,  Keyes,  (Proc.  Iowa  Acad.  Sci.,  Vol.  XXII, 
p.  265,  1916.) 

Nazlini  Shales.  Name  is  proposed  for  the  median  and  main 
body  of  shales  of  the  Doloresian  series  in  Apache  County,  and 
typically  exposed  on  Nazlini  Creek,  south  of  Chinle,  and  north¬ 
west  of  Fort  Defiance. 

Orabai  Sandstones.  Term  designates  the  basal  member  of  the 
Montanan  series,  as  developed  in  northeastern  Arizona,  and  well 
exposed  at  Orabai  Mesa,  north  of  Winslow,  in  Apache  County. 

Perchan  Series,  Gordon.  (Am.  Jour.  Sci.,  (4),  Vol.  XXIV, 
p.  58,  1907.) 

Pierce  Shales.  Name  is  especially  applied  to  the  sandy,  basal 
red-beds  of  the  Supaian  section,  as  shown  at  the  mouth  of  tlie 
Grand  Canyon,  near  Pierce’s  Ferry. 

Puerco  Clays,  Cope.  (Rept.  Secretary  of  War  to  44th  Cong., 
Vol.  II,  pt,  ii,  p.  1012,  1875.) 
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Pyramid  Conglomerates.  Title  is  proposed  for  the  basal  beds 
of  the  Dakotan  section  as  outcropping  in  the  Pyramid  Butte,  New 
Mexico. 

Santa  Ritan  Series,  Keyes  (Proc.  Iowa  Acad.  Sci.,  Vol.  XXII, 
p.  266,  1916.) 

Seligman  Limestones.  Title  is  suggested  for  the  calcareous 
strata  in  the  lower  part  of  the  Supaian  series,  as  exposed  best 
perhaps  in  the  Aubrey  Cliffs,  near  Seligman. 

Shiwits  Shales.  Name  is  given  to  the  uppermost  red  shale 
section  of  the  Supaian  series,  as  exposed  in  the  Canyon  walls,  and 
especially  around  the  Shiwits  Plateau,  north  of  Peach  Springs,  in 
Mojave  County. 

Silver  Shales,  Keyes.  (Trans  American  Inst.  Mining  Eng.,  Vol. 
XXXIX,  p.  147,  1909.) 

Simon  Limestones.  Designation  of  the  basal  Mississippian  beds 
carrying  the  Chouteau  fauna,  as  exposed  in  the  face  of  the 
Chiricahua  Mountains  and  overlooking  the  San  Simon  bolson. 

Tanner  Shales.  Name  assigned  to  the  basal  shale  beds  of  the 
Moenkopian  series,  outcropping  at  Tanner’s  Crossing  of  the  Little 
Colorado  River. 

Tolchico  Shales.  Name  is  given  to  the  second  shale  member  of 
Ward’s  Moenkopian  series,  finely  displayed  around  the  mouth  of 
Canyon  Diablo. 

Torrejon  Clays,  Dali.  (Eighteenth  Ann.  Rept.,  U.  S.  Geol. 
Surv.,  pt.  ii,  p.  347,  1898.) 

Trinity  Sandstones,  Hill.  (Arkansas  Geol.  Surv.,  Ann.  Rept. 
for  1888,  Vol.  II,  p.  116,  1888.) 

Triixton  Limestones.  Title  is  applied  to  the  middle  Mississip- 
pian  section,  carrying  the  Burlington  fauna.  Fine  sections  are 
shown  in  western  Arizona  in  the  Grand  Wash  Cliffs,  and  in  the 
Yampai  Cliffs  overlooking  the  Truxton  Plateau. 

Ventana  Sandstones.  Term  is  proposed  for  the  uppermost 
member  of  the  Doloresian  series,  as  displayed  in  Apache  County, 
especially  in  the  Ventana  Mesa,  near  Chinle. 

Verdan  Series.  Name  is  applied  to  the  Coconino  sandstone 
and  some  associated  layers,  as  especially  well  developed  on  the 
Verde  River,  south  of  Flagstaff. 
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Washita  Shales,  Shumard.  (Trans.  Acad.  Sci.  St.  Louis,  Vol. 
I,  p.  583,  1857.) 

Wingate  Sandstone,  Dutton.  (Sixth  Ann.  Rept.  U.  S.  Geol. 
Surv.,  p.  136,  1885.) 

Winslow  Shales.  Title  is  given  to  the  third  shale  bed  of  Ward’s 
Moenkopian  series,  exposed  in  the  Rio  Chiquito  Colorado  valley, 
at  the  mouth  of  the  Rio  Puerco,  in  Navajo  and  Coconino  Counties. 

Wompats  Limestones.  Name  is  assigned  to  the  highly  fossili- 
ferous,  white,  subcrystalline  limestones  immediately  underlying 
the  surface  of  the  Kaibab  Plateau.  Wompats  Spring  is  northeast 
of  the  great  Shinumo  Amphitheatre. 

Yampai  Sandstones.  The  name  is  proposed  for  the  red,  friable 
sandstones  particularly  distinguishing  the  middle  section  of  the 
Supian  series,  and  outcropping  in  the  Yampai  Cliffs,  or  southern 
extension  of  the  Grand  Wash  Cliffs,  in  western  Arizona. 

Zunian  Series,  Dutton.  (Sixth  Ann.  Rept.,  U.  S.  Geol.  Surv., 
p.  137,  1885.) 

Keyes 

Diastrophic  Aspect  of  Aux  Vases  Sandstone.  In  southeastern 
Iowa  there  appear  in  the  old  surface  of  the  Early  Carbonic  plat¬ 
form  many  old  stream  gorges,  which  are  now  filled  with  massive 
sandstones  and  conglomerates.  Without  much  questioning,  or  cri¬ 
tical  examination,  these  areanceous  beds  commonly  are  relegated 
to  the  Coal  Measures,  being  regarded  as  basal  sandstones  of  that 
succession. 

It  is  by  no  means  certain  that  all  of  these  so-called  basal  sand¬ 
stones  really  belong  strictly  to  the  Coal  Measures.  Recent  obser¬ 
vations  and  considerations  seem  to  point  to  the  circumstance  that 
some  of  the  gorge-sandstones  may  eventually  prove  to  be  consid¬ 
erably  older.  The  facts  that  many  of  them  are  channel  deposits, 
laid  down  in  narrow  valleys  100  feet,  or  more  in  depth,  that  there 
is  frequent  presence  of  notable  unconformity  planes  above  them, 
and  that  the  recent  determination  of  the  highest  recognizable  Early 
Carbonic  strata  beneath  them  to  be  of  the  same  age  as  the  Gene¬ 
vieve  Limestone,  a  phase  later  than  that  represented  by  the  St.  Louis 
limestone,  suggest  the  probability  of  these  old  sandstones  being 
not  Coal  Measures  in  age,  but  equivalent  to  some  part  of  the  Kas- 
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kaskia  division.  On  this  point  especial  and  critical  inquiry  is 
merited. 

The  thickness  of  the  Early  Carbonic  beds  above  the  Genevieve 
horizon  lately  proves  to  be  so  great  as  that  of  the  section  of  the 
same  age  below  it.  South  of  the  Missouri  River  the  initial  forma¬ 
tion  of  the  closing  epoch  is  widely  known  as  the  Aux  Vases  sand¬ 
stone. 

In  former  years  this  sandstone,  being  a  basal  sandstone,  was 
frequently  mistaken  for  the  bottom  terrane  of  the  Coal  Measures. 
Being  so  nearly  alike  in  origin  it  is  doubtful  whether  the  two 
formations  could  ever  be  distinguished  from  each  other  upon  litho¬ 
logic  features  alone. 

There  are  strong  physiographic  reasons  for  believing  that  the 
Aux  Vases  sandstone,  or  its  equivalents,  may  extend  as  channel 
deposits  far  beyond  its  now  recognized  outcrops.  When  laid 
down  rapid  diastrophic  movements  seem  to  have  been  taking  place. 
On  the  other  hand,  when  the  Coal  Measures  were  deposited  they 
rest  by  contrast  on  a  smooth  peneplained  surface.  But  whether 
or  not  the  Aux  Vases  equivalents  are  found  to  extend  north  of  the 
Missouri  River,  it  is  well  worth  while  to  bear  in  mind  the  pos¬ 
sibility  and  even  the  probability  of  their  extension  so  far 
north  as  the  limits  of  Iowa.  The  so-called  basal  sandstone  of  the 
Coal  Measures  should  be  examined  critically  with  the  possibility 
of  their  Early  Carbonic  age  in  mind.  Thus,  the  same  question 
bobs  up  again  that  75  years  ago  so  long  puzzled  geologists. 

The  Aux  Vases  sandstone  is,  therefore,  of  especial  interest  at 
this  time.  Certain  aspects  of  the  original  controversy  are  worthy 
of  brief  review  and  consideration  as  a  possible  aid  in  the  interpre¬ 
tation  of  the  northern  problem.  With  these  features  in  view  the 
following  notes  are  offered. 

When,  as  a  terranal  title,  Aux  Vases  Sandstone  was  first  pro¬ 
posed  ^  it  was  intended  that  it  should  cover  a  thick,  heavily  bedded, 
arenaceous  formation,  which,  in  southeastern  Missouri  and  south¬ 
ern  Illinois,  separated  the  St.  Louis  limestone  from  the  Kaskaskia 
limestones.  Although  previously  without  geographic  designation 
this  was  not  the  first  recognition  of  the  formation.  More  than 
half  a  century  before  this  great  sandstone  was  repeatedly  noted 

1  Bull.  Geol.  Soc.  America,  Vol.  Ill,  p.  296,  1892. 
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and  described.  Working  under  the  impression  that  it  was  the 
same  bed  which  further  north  had  been  widely  observed  to  rest 
directly  upon  the  St.  Louis  limestone  but  locally  separating  the 
latter  from  the  Coal  Measures,  Swallow,^  Shumard,^  and  others 
of  their  day,  termed  this  terrane  the  Ferruginous  sandstone.  Main¬ 
ly  because  of  this  fact  it  was  that  the  stratum  so  long  escaped 
understanding  and  proper  christening. 

Particular  interest  in  the  Aux  Vases  sandstone  rests  at  this 
time  in  the  leading  role  which  it  played  in  the  primitive  differen¬ 
tiation  of  the  Early  Carbonic  section  of  the  Continental  Interior. 
General  oversight  of  this  fact  by  later  workers  appears  to  lie  at 
the  bottom  of  most,  if  not  all,  of  the  subsequent  and  wide-spread 
confusion  and  erroneous  interpretation  of  the  real  stratigraphic 
significance  of  the  formation.  When  the  Paleozoic  sequence  of 
the  Mississippi  Valley  was  first  being  resolved,  something  less  than 
three-quarters  of  a  century  ago,  this  sandstone,  which  we  now 
designate  as  the  Aux  Vases,  was  the  theme  of  one  of  the  most 
acrimonious  controversies  of  that  day. 

The  original  Ferruginous  sandstone,  or  basal  member  of  the 
Coal  Measures,  with  which  the  Aux  Vases  sandstone  was  for  a 
long  time  confused,  was  in  the  beginning,  commonly  classed  with 
the  St.  Louis  limestone,  rather  than  with  the  immediately  over- 
lying  Coal  Measures.  The  later  known  Kaskaskia  formation  of 
southern  Illinois  and  western  Kentucky  was,  because  of  its  char¬ 
acteristic  Archimedes  fossils,  thought  to  hold  a  stratigraphic  posi¬ 
tion  beneath  the  limestone  of  St.  Louis.  Thus,  the  Kaskaskian 
Archimedes-bearing  beds  were  readily  paralleled  with  the  Archi¬ 
medes  limestone  of  Keokuk  and  Warsaw,  and  other  northern  lo¬ 
calities.  It  was  not  until  many  years  afterwards  that  it  was  dis¬ 
covered  that  there  really  existed  three  distinct  Archimedes  lime¬ 
stones  instead  of  one.  Interpretation  of  the  fossils  was  clearly  at 
fault. 

At  this  distant  day  it  is  not  known  definitely  just  when  first 
suspicions  were  aroused  that  all  of  the  Subcarboniferous  section 
had  not  been  actually  recognized.  The  attendant  circumstances 
can  only  be  surmissed.  It  is  probable  that  first  inklings  concern- 

2  Missouri  Geol.  Surv.,  1st  and  2nd  Ann.  Repts.,  p.  91,  1855. 

3  Ibid.,  pt.  ii,  p.  181. 
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ing  the  existence  of  a  hitherto  unrecognized  sequence  in  the  upper 
part  of  the  Early  Carbonic  section  in  the  Upper  Mississippi  Val¬ 
ley  were  obtained  by  various  members  of  the  Kentucky  and  Illi¬ 
nois  Geological  Surveys,  in  the  early  fifties  of  the  last  century, 
although  their  main  observations  remained  unpublished  for  many 
years.  Thus,  Worthen,  evidently  somewhat  peeved  at  Hall  over 
the  publication  by  the  latter  of  information  which  he  fancied 
rightly  should  have  been  withheld  indefinitely,  or  at  least  until  he, 
himself,  an  Illinoian  should  see  fit  to  give  it  out,  and  entering  now 
the  larger  lists  against  Hall  to  contest  the  latter’s  somewhat  pre¬ 
tentious  claims  to  exclusiveness  on  all  matters  appertaining  to  the 
American  Paleozoic  rocks,  maintains  priority  for  naming  Hall’s 
Kaskaskia  Limestones  the  Chester  Limestones,  notwithstanding  the 
fact  that,  as  he  readily  admits,  he  is  a  full  decade  late  in  publica¬ 
tion.^ 

In  the  matter  of  making  public  its  results  the  early  Illinois  Sur¬ 
vey  seems  to  have  been  particularly  unfortunate.  Under  Dr.  J.  G. 
Norwood,  an  old  associate  of  Owen,  on  the  western  Government 
surveys,  the  Illinois  work  was  energetically  begun  in  1851.  For 
several  years  nothing  was  published,  Norwood  being  apparently 
obesed  with  the  notion  that  the  results  should  come  out  in  final 
form.  At  the  end  of  eight  years  a  large  amount  of  material  had 
been  put  into  shape  for  the  printer  —  enough  to  occupy  two  bulky 
volumes  of  600  pages  each ;  and  these  were  transmitted  to  the  Leg¬ 
islature  for  publication.  But  the  political  exigencies  immediately 
preceding  the  outbreak  of  the  Civil  War  had  already  reached  Illi¬ 
nois.  A  newly  elected  Republican  governor  removed  Doctor  Nor¬ 
wood  from  office,  merely  because  he  belonged  to  the  opposing 
party;  and  a  hostile  Legislature  blandly  refused  to  appropriate 
funds  to  print  a  scientific  report,  however  valuable  it  might  be  to 
the  State,  prepared  by  a  member  of  a  recently  defeated  political 
party.  What  this  report  contained  can,  at  this  distant  day,  only 
be  surmised,  and  judged  from  the  few  stray  notes  that  have 
trickled  down  to  us  in  meager  quotations  in  subsequent  reports. 

Certain  it  is,  that  Dr.  Henry  Englemann  had  more  or  less  to  do 
with  investigating  the  geological  features  of  the  southwestern  por  • 
tions  of  the  State.  How  much  of  his  information  was  obtained 

4  Illinois  Geol.  Surv.,  V'ol.  I,  p.  40,  1866. 
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under  Norwood,  prior  to  1858,  and  how  much  subsequently  under 
Worthen,  is  now  impossible  to  say.  The  earlier  results  are  doubt¬ 
less  more  extensive  than  is  indicated  by  the  scant  notes  incor¬ 
porated  in  after  years  by  Worthen  in  his  County  reports.  It  is 
quite  likely  that  not  only  Englemann  and  Norwood,  but  Owen, 
Lyon,  Pratten  and  perhaps  others  had  early  begun  to  suspect  that 
the  great  Concretionary  limestone,  which  we  now  call  the  St.  Louis 
limestone,  was  not  actually  the  summital  member  of  the  Subcar- 
boniferous  (Early  Carbonic)  section  as  was  at  that  time  so  gen¬ 
erally  believed.  Doctor  Norwood,  then  State  Geologist,  must  have 
had  in  mind  this  very  suspicion  when,  in  the  spring  of  1853,  he 
especially  details  his  assistant,  Worthen,  to  go  down  to  the  south¬ 
ern  part  of  the  state  and  determined,  if  possible,  the  relative  posi¬ 
tion  of  the  St.  Louis  limestone  and  the  beds  forming  the  bluffs 
at  Chester,  which  we  now  designate  the  Kaskaskia  limestones.  The 
attendant  circumstances  Worthen  relates  at  length  when  claiming 
priority  for  his  manuscript  title  Chester  over  Hall’s  name  defined 
and  published  a  decade  before. 

It  may  be  well  doubted  whether  in  the  beginning  Worthen  ac¬ 
tually  saw  conditions  between  Prairie  du  Rocher  and  Chester  so 
clearly  as  he  thought  he  did  a  dozen  years  later,  when  the  supposed 
facts  had  been  fully  demonstrated  to  obtain.  It  may  be  also  ques¬ 
tioned  whether  Norwood  was  so  doubtful  of  the  correlations  of 
Worthen’s  observations  as  the  latter  would  have  us  infer.  One 
would  rather  surmise  that  Worthen’s  findings  really  confirmed 
Norwood’s  suspicions  and  that  so  much  to  his  liking  had  they 
proved  that  the  director  at  once  set  off  to  see  with  his  own  eyes 
what  his  subordinate  had  reported. 

When,  then,  Worthen  left  the  Illinois  Survey,  soon  afterwards, 
and  went  with  Hall  to  Iowa  he  is  not  slow  in  communicating  to 
the  latter  his  recent  discoveries  at  Chester.  It  so  happens  that 
this  constituted  the  missing  link  to  Hall’s  classification  of  the  Sub- 
carboniferous  rocks  of  the  Mississippi  Valley  —  a  fact  which  Wor¬ 
then  could  not  perhaps  fully  realize  at  that  time.  Hall  soon,  in 
1855,  has  his  assistant  go  with  him  over  the  ground  above  Chester. 
With  his  usual  promptness  to  forestall  priority  in  others  in  all  mat¬ 
ters  relating  to  the  American  Paleozoics,  for  he  had  not  yet  given 
up  his  defense  of  his  long  cherished  New  York  system,  he  incor- 
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porates  the  Chester  section  in  his  Iowa  scheme,  shutfles  names 
somewhat,  reads  a  paper  on  the  theme  a  few  weeks  later  before 
the  Albany  Institute,  and  hurries  into  print.®  Without  material 
changes  this  scheme  appears  in  the  following  year  in  his  Iowa 
report.®  At  the  same  time  taking  advantage  of  Swallow’s  mis¬ 
take  in  referring  the  basal  sandstone  of  the  Coal  Measures  to  the 
St.  Louis  formation.  Hall  designates  the  sandstone,  afterwards 
called  the  Aux  Vases  sandstone,  by  Swallow’s  title,  the  Ferrugi¬ 
nous  Sandstone.  In  this  procedure  probably  lurks  much  of  the 
later  confusion. 

Worthen’s  versions  of  the  discovery  of  a  superior  member  of  the 
Subcarboniferous  section  and  his  claims  to  priority  in  the  matter 
of  naming  are  not  without  important  testimony  in  other  directions. 
Two  other  very  active  workers  are  also  in  this  field.  On  the  very 
day,  in  the  late  Autumn  of  1853,  that  Worthen,  at  the  instance  of 
Norwood,  is  parading  down  the  east  side  of  the  Mississippi  River, 
opposite  Ste.  Genevieve,  Shumard,  in  company  with  Doctor  Lit¬ 
ton,  is  treking  northward  on  the  west  bank,  and  reaching  Ste. 
Genevieve  village  by  the  Plank  Road  from  Iron  Mountain.'^ 
Early  in  the  following  season  Shumard  carefully  constructs  a 
detailed  cross-section  of  the  rocks  exposed  along  the  Mississippi 
River.  Below  Ste.  Genevieve  he  finds  a  heavy  sandstone,  now 
known  as  the  Aux  Vases  sandstone,  overlaid  by  an  Archimedes 
limestone.  The  next  year  he  half  completes  a  detailed  report  on 
the  Geology  of  Ste.  Genevieve  County,  which,  was  not  published 
until  after  his  death  15  years  later.  However,  he  now  adopts 
the  Hall  nomenclature,  recognizes  the  upper  Archimedes  limestone 
as  the  Kaskaskia  limestone,  and  designates  the  heavy  sandstone 
as  Hall’s  Ferruginous  sandstone. 

Still  another  investigator  recognizes  the  true  sequence  of  for¬ 
mations  at  this  time  in  this  region.  Dr.  D.  D.  Owen,  is  making 
observations  in  Kentucky.  In  the  course  of  his  observations  in 
1854  and  1855  he  finds  that  an  Archimedes,  or  Pentremital,  lime¬ 
stone  superposes  the  Lithostrotion,  or  St.  Louis,  limestone.®  Not¬ 
withstanding  Hall’s  great  haste  in  announcing  this  great  discovery 
Owen  precedes  him  by  a  full  year.  It  seems  possible  that  it  was 

5  Am.  Jour.  Sci.,  (1),  Vol.  XXIII,  p.  190,  1857. 

6  Geology  of  Iowa,  Vol.  I,  p.  109,  1858. 

7  Missouri  Geol.  Surv.,  1st  and  2nd  Ann.  Repts.,  p.  25,  1855. 

8  Kentucky  Geol.  Surv.,  1854-5,  p.  81,  1856. 
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really  Owen,  and  not  Worthen,  who,  contrary  to  general  opinion 
of  a  later  day,  first  comes  to  the  conclusion  that  there  existed  a 
supra-St.  Louis  limestone  of  Subcarboniferous  age.  Once  sur¬ 
mised  the  fact  no  doubt  was  widely  discussed  among  western 
geologists  of  that  day,  and  it  became  a  foregone  conclusion  a 
considerable  time  before  any  notice  of  it  appeared  in  print.  Dis¬ 
pite  the  precipitate  haste  displayed  by  Hall,  Owen  easily  out¬ 
distances' him. 

With  the  publication  of  Hall’s  scheme  in  the  American  Journal 
of  Science  and  in  the  Geology  of  Iowa  the  title  Kaskaskia  Lime¬ 
stone  comes  to  be  generally  used  for  Pentremital  Limestone,  and 
whenever  this  limestone  was  present  Swallow’s  name  Ferruginous 
Sandstone  was  adopted  for  the  sandstone  beneath,  instead  of  in 
the  original  sense  for  what  later  proved  to  be  really  the  basal 
sandstone  of  the  Coal  Measures.  ' 

Shumard  completed  his  mapping  and  reporting  of  Ste.  Genevieve 
County  in  the  summer  of  1858,  just  before  resigning  from  the 
Missouri  Survey  to  assume  his  duties  as  State  Geologist  of  Texas.® 
Owing  to  the  political  exigencies  of  the  time  and  the  approach 
of  Civil  War  printing  of  the  report  was  delayed  a  decade  and  a 
half,  until  the  Survey  was  revived  under  Pumpelly.^®  Shumard 
follows  the  Hall  nomenclature,  using  the  title  Kaskaskia  for  the 
Pentermital  limestone  of  his  earlier  work ;  and  Hall’s  Ferruginous 
sandstone  for  the  underlying  massive  sandstone  so  finely  displayed 
at  the  mouth  of  the  Riviere  aux  Vases. 

Swallow’s  title  Ferruginous  Sandstone  was  widely  misappro¬ 
priated.  Originally  proposed  to  designate  the  basal  sandstone  of 
the  Coal  Measures  in  localities  where  the  latter  immediately 
succeeded  the  St.  Louis  limestone,  the  term  soon  lost  its  first  mean¬ 
ing.  Whether  Hall  deliberately  purloined  the  name  and  gave  it 
an  entirely  different  signification,  after  a  fashion  that  was  not 
wholly  unfamiliar  to  him,  or  whether  he  really  was  unwittingly 
in  error  in  his  correlations,  it  is  certain  that  the  great  weight  of 
his  authority  soon  made  the  new  usage  general.  When  I  became 
connected  with  the  Missouri  Geological  Survey,  first  as  Chief 
Geologist,  in  1891,  and  afterwards  as  Director,  in  1894,  Swallow’s 
name  was  restricted  so  as  to  refer  solely  to  the  sandstone  separat- 

•  9  Missouri  Geol.  Surv.,  Fourth  Ann.  Kept.  Prog.,  Twentieth  Gen.  Assembly,  1st 
Sess.,  App.  to  Jour.,  p.  101,  1859. 

10  Missouri  Geol.  Surv.,  Kept.,  1855-71,  p.  290,  1873. 
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ing  the  St.  Louis  and  Kaskaskia  limestone.  The  evident 
importance  of  the  Ferruginous  formation,  as  thus  understood,  was 
then  so  thoroughly  appreciated  that  the  need  of  a  geographic  desig¬ 
nation  seemed  urgent.  For  this  purpose  Aux  Vases  was  tentatively 
selected  in  field  notes;  and  finaly  the  term  got  into  print. 

In  late  years  Ulrich^^  attempts  to  afix  an  old  term  of  Engle- 
mann’s  to  the  sandstone  in  question,  as  displayed  on  the  Mississippi 
River.  He  observes : 

The  publication  of  Englemann’s  name  “Cypress  Sandstone”  for  this 
sandstone  in  1868  seems  to  have  been  overlooked  by  later  workers  on  the 
Mississippi  section  so  that  one,  and  probably  two,  synonyms  have  crept 
into  literature.  Thus,  in  1876,  Norwood  applied  the  name  “Big  Clifty” 
sandstone  to  a  formation  in  western  Kentucky  that,  if  it  is  not  strictly 
equivalent  to  the  Cypress  sandstone,  at  least  agrees  closely  with  it  in 
lithologic  character  and  seems  to  occupy  the  same  stratigraphic  position. 
In  1892  Keyes,  who  overlooked  not  only  the  name  proposed  by  Englemann, 
but  Norwood’s  designation  as  well,  proposed  the  name  “Aux  Vases”  sand¬ 
stone,  to  take  the  place  of  “Ferruginous  Sandstone.”  The  type  localities 
for  the  formations  to  which  these  three  names  —  first  Cypress  sandstone, 
then  Big  Clifty,  and  finally  Aux  Vases  sandstone  —  were  applied  are  all 
contained  within  an  area  less  than  200  miles  across.  They  are,  moreover, 
unquestionably  in  one  and  the  same  geologic  basin  and  are  practically 
identical  in  lithologic  character.  Finally,  as  the  formations  in  each  case 
were  assigned  to  precisely  the  same  stratigraphic  position,  i.  e.,  next  below 
the  Kaskaskia  limestone,  there  can  be  no  reasonable  doubt  of  their 
synonomy. 

In  these  statements  Ulrich  is  entirely  too  presuming.  Before  pub¬ 
lishing  the  title  Aux  Vases  Sandstone  as  a  terranal  term  I  did  the 
very  thing  which  the  author  mentioned  did  not  do;  and  I  did  no 
guessing.  I  not  only  did  not  overlook  Englemann’s  title,  as 
Ulrich  claims,  but  before  venturing  to  propose  the  new  terranal 
name  I  visited  the  original  Illinois  locality.  Ascent  of  the  bluff, 
below  the  town  of  Golconda,  in  Pope  County,  quickly  disclosed  the 
fact  that  Englemann’s  “Cypress  Sandstone,”  or  “No.  8,”  could  not 
possibly  be  the  so-called  Ferruginous  bed  of  Missouri,  but  that  it 
was  on  a  much  higher  horizon.  The  prospect  from  the  top  of  the 
bluff  was  convincing  that  the  Englemann  title  was  applicable  only 
to  a  higher  sandstone;  and  that  the  bed  was  separated  from  the 
sandstone  superposing  the  Ste.  Genevieve  limestone  by  50  to  60 
feet  of  shales.  A  quarter  of  a  century  afterwards  a  party  consist¬ 
ing  of  officials  from  the  several  State  surveys  climbed  the  same 
Golconda  bluff  and  arrived  at  a  like  conclusion.^^  Ulrich  being 
of  the  number  of  that  conference  stood  fully  convinced  of  his 

11  Prof.  Pap.  36,  U.  S.  Geol.  Surv.,  p.  54,  1905. 

12  Kentucky  Geol.  Surv.,  Mississippian  Fossils,  p.  18,  1917. 


STRATIGRAPHICAL  GEOLOGY 


347 


erroneous  correlations.  My  own  correlation  of  the  Aux  Vases 
sandstone,  and  the  elimination  of  Englemann’s  title  from  considera¬ 
tion  was  not  made  in  a  dingy,  stuffy  back-office  on  F  Street  in 
Washington  City. 

The  thick,  massive  sandstone  forming  the  gates  of  the  Riviere 
aux  Vases  in  Missouri  was  not,  then,  either  the  Cypress  sandstone 
of  Englemann,  in  Illinois,^^  or  the  Big  Clifty  sandstone  of  Nor¬ 
wood,  in  Kentucky.^^  When  it  was  suggested  to  christen  the 
apparently  nameless  terrane  there  was  seemingly  urgent  need  for 
some  definite  geographic  title.^^  This  fact  was  also  independently 
recognized  by  Weller,^®  since  he  proposed  in  Arkansas  the  name 
Batesville  sandstone  for  the  same  formation.  Delayed  publication 
of  a  few  years  gave  priority  rights  to  Aux  Vases. 

Still  another  curious  and  vain  attempt  appears  to  supplant  the 
title  Aux  Vases.  Upon  assumption  rather  than  field  examinations 
Weller  proposes^’'  the  name  Brewerville  for  the  sandstone  to 
which  he  originally  applied  the  name  Batesville  sandstone.  Later^® 
he  explains  how  this  came  about;  but  the  paliation  is  hardly  any 
better  than  Ulrich’s  wild  guess  on  Cypress. 

Now,  the  Aux  Vases  sandstone  has  a  more  than  local  interest. 
Unlike  so  many  of  the  formations  with  which  it  is  associated  its 
sedimentative  significance  goes  far  beyond  its  Illinois  and  Mis¬ 
souri  boundaries.  Its  depositional  aspects  have  wide  scope.  The 
stratigraphical  horizon  which  it  occupies  represents  elsewhere  a 
well-defined  and  notable  planation  surface.  It  marks  the  first  im¬ 
portant  break  in  the  great  limestone  succession  of  the  region.  By 
it  first  evidences  are  given  of  broad  diastrophic  movements  which 
affected  the  entire  interior  of  the  continent.  With  it  a  new  cycle 
of  sedimentation  really  begins.  Exclusively  marine  conditions 
which  had  so  long  prevailed  over  the  area  ceases.  Littoral  en¬ 
vironment  commences  to  assume  the  ascendency.  There  begin 
those  constant  oscillatory  changes  which  initiate  the  coal-forming 
period.  The  rock  succession,  of  which  the  Aux  Vases  sandstone 
is  the  base,  contrasts  strongly  with  the  previous  limestone  sequence, 

13  Trans.  St.  Louis  Acad.  Sci.,  Vol.  II,  p.  189,  1862. 

14  Kentucky  Geol.  Surv.,  N.  S.,  Vol.  I,  p.  369,  1876. 

15  Bull.  Geol.  Soc.  Amrica,  Vol.  Ill,  p.  296,  1892. 

16  Trans.  New  York  Acad.  Sci.,  Vol.  XVI,  p.  251,  1898. 

17  Trans.  Illinois  Acad.  Sci.,  Vol.  VI,  p.  121,  1913. 

18  Journal  of  Geology,  Vol.  XXVIII,  p.  286,  1920. 
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and  constitutes  a  taxonomic  unit  by  itself.  As  such  the  succession 
should  rank  as  one  of  the  great  serial  subdivisions.  A  complete 
recast  of  Early  Carbonic  formations  of  the  Continental  Interi¬ 
or  is  foreshaddowed,  wherein  diastrophic  movement  is  the  basic 
principle. 

Systematic  grouping  of  the  rock  terranes  of  the  Mississippi  Val¬ 
ley  was  a  matter  of  slow  growth.  It  was  a  gradual  evolution  of  con¬ 
ceptions  concerning  the  relationships  of  the  various  formations  as 
new  facts  laboriously  accummulated  became  avialable.  Conse¬ 
quently  every  arrangement  provided  for  was  necessarily  somewhat 
transitory.  Before  final  adjustment  which  the  backward  develop¬ 
ment  of  information  imposed  much  shifting  of  units  was  required. 
Were  the  entire  successions  then  held  in  perspective,  as  is  now 
possible,  none  of  the  old  schemes  would  be  found  to  be  satisfactory. 
The  faunal  schemes  of  Williams  and  of  Ulrich  are  as  faulty  as 
the  strictly  lithologic  plans  of  the  early  workers.  Only  in  propor¬ 
tion  as  the  rock  succession  reflects  regional  diastrophism  is  a 
terranal  classification  natural  and  worth  while. 

If  today  one  were  to  view  anew  the  Early  Carbonic  rock 
succession  he  would  doubtless  be  inclined  to  group  the  strata  very 
differently  from  the  arrangement  which  has  gradually  developed 
during  the  last  fifty  years.  Conspicuous  among  the  distinguishing 
features  is  a  three- fold  lithologic  subdivision.  At  the  base  a  great 
shale  succession  inherited  directly  from  Devonic  times,  is  properly 
segregated  under  the  designation  Waverleyan  Series.  To  an  almost 
unbroken  sequence  of  limestones,  which  forms  the  median  member, 
the  term  Mississippian  Series  seems  naturally  restricted.  Then, 
beginning  with  Aux  Vases  sandstone  is  an  extensive  sequence  of 
sandstones,  chiefly,  with  some  shales  and  limestones,  a  much  re¬ 
peated  succession  not  very  unlike  the  famed  Missourian  Series  of 
Kansas.  This  seems  introductory  to  the  Coal  Measures.  Its  pro¬ 
per  designation  is  probably  Kaskaskian  Series. 

By  this  grouping  the  St.  Louis  and  Ste.  Genevieve  limestones 
formerly  placed  with  the  Kaskaskia  formations  under  the  title  of 
Tennessean  Series  go  with  the  next  lower  series,  the  Mississippian 
section.  Therefore,  Tennessean  as  a  serial  term  loses  usefulness 
and  is  best  dropped;  and  Chester  Series,  lately  revived  in  this 
sense  necessarily  gives  way  to  prior  name. 
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BRIDGING  THE  AGES  OF  ICE 
By  Charles  Keyes 

When,  in  the  early  eighties  of  the  last  century,  W  J  McGee 
made  known  his  now  famous  till-sections  displaying  the  evidences 
of  a  possible  dual,  instead  of  a  unal  Glacial  Epoch,  the  conception 
seems  already  to  have  begun  in  several  quarters  faintly  to  resolve 
itself  upon  the  geological  screen.  McGee’s  fundamental  observa¬ 
tion  is  the  actual  finding  of  two  distinct  drift  sheets  widely  separ¬ 
ated  in  the  same  section  by  a  thick  bed  of  loam  or  loess.  Although 
he  may  not  at  the  time  grasp  the  full  significance  of  his  far-reach¬ 
ing  discoveries,  his  results,  nevertheless,  stand  as  the  first  actual 
and  unmistakable  record  of  old  and  young  till  deposits  exposed  in 
the  same  vertical  succession. 

Presence  of  an  interglacial  loam  of  great  thickness  is  not  the 
only  line  of  critical  evidence  pointing  to  complexity  of  the  Glacial 
Epoch.  Peat  beds,  we  now  know,  sometimes  separate  drift-sheets. 
But  in  the  decade  previous  to  McGee’s  exploit  buried  peat  deposits 
are  not  by  any  means  the  diagnostic  features  that  they  have  since 
become.  G.  F.  Wright  ^  in  particular  emphasizes  the  inconclusive 
character  of  these  early  observations.  Newberry,  and  his  assistants 
on  the  Ohio  Geological  Survey,  Orton,^  Winchell,^  and  Gilbert,^  all 
describe  buried  soils  associated  with  the  Glacial  tills  of  that  state ; 

1  Ice  Age  in  North  America,  5th  ed.,  p.  592,  1911. 

2  Am.  Jour.  Sci.,  (2),  Vol.  L,  p.  54,  1870. 

3  Ohio  Geol.  Surv.,  Vol.  I,  p.  591,  1873. 

4  Am.  Jour.  Sci.,  (3),  Vol.  I,  p.  339,  1871. 
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but  Newberry  merely  designates  such  deposits  “Forest  Beds,”  with¬ 
out  further  attempt  to  elucidate  their  possible  meaning.  Winchell,® 
in  Minnesota,  appears  incidentally  to  notice  at  this  early  day  that 
the  relations  of  the  till  and  loess  in  Mower  County  indicate  a  dif¬ 
ference  of  age  of  the  associated  drift  deposits.  Even  McGee® 
describes  a  “Forest  Bed”  in  the  till  deposits  of  northeastern  Iowa. 
Chamberlin^  recognizes  in  the  Kettle  moraine  of  Wisconsin  that  the 
drift  in  front  of  the  moraine  must  be  older  than  that  behind.  As 
if  to  avoid  all  suggestion  of  possible  duality  of  the  Glacial  Epoch 
he  cautions :  “It  is  evident  that  all  evidences  at  correlation  between 
superficial  desposits  on  opposite  sides  of  the  moraine,  should  be 
attempted  with  much  circumspection.  ...  If  the  evidence  adduced 
to  show  that  the  Kettle  moraine  was  due  to  an  advance  of  the 
glacier  be  trustworthy,  then,  to  that  extent  of  that  advance, 
whether  much  or  little,  the  moraine  marks  a  secondary  period  of 
glaciation,  with  an  interval  of  deglaciation  between  it  and  the  epoch 
of  extreme  advance.  .  .  .  The  moraine,  therefore,  may  be  worthy 
of  study  in  its  bearings  upon  the  interesting  questions  of  glacial 
and  interglacial  periods.”  It  is  likely  that  it  was  because  of  this 
very  indecisiveness  of  final  statement  that  Dana  declined  to  print 
the  article  when  offerd  to  the  American  Journal  of  Science;  al¬ 
though  in  after  years  he  ofifered  that  author  his  apologies  for  his 
mistake  in  believeing  the  paper  to  treat  only  on  “local  geology.” 

From  the  original  conception  of  a  single,  simple  Glacial  Epoch 
the  evolution  to  a  complex,  or  multiple,  one  is  a  transformation 
painfully  slow  in  its  growth.  Its  adumbration  is  doubtless  ascrib- 
able  to  no  one  particular  mind,  or  to  any  single  group  of  men,  or 
to  any  particular  nationality.  Certain  it  is,  that  it  was  McGee’s 
exclusive  privilege  to  give  us  the  first  clean-cut,  unmistakable  per¬ 
spective  of  the  evidences  of  a  dual  Ice  Age.  Previously  to  his 
publication  of  the  Iowa  sections  the  idea  of  multiple  glaciation  is 
merely  a  fantastic  dream.  It  is  high  above  the  clouds  in  the  realm 
of  speculative  possibility.  After  his  publication  it  is  an  accomp¬ 
lished  reality.  It  leads  to  the  establishment,  not  of  a  dual  span  of 
ice  supremacy,  but  to  an  astounding  resolution  of  a  five-fold  epoch. 
Upon  this  simple,  unobtrusive  observation  and  record  rests  one  of 

5  Minnesota  Geol.  and  Nat,  Hist.  Surv.,  2nd  Ann.  Kept.,  p.  66,  1876. 

6  Am.  Jour.  Sci.,  (3),  Vol.  XV,  p.  339,  1878. 

7  Trans.  Wisconsin  Acad.  Arts  and  Sci,,  Vol.  IV,  p.  201,  1878. 
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the  absorbing  themes  of  human  interest  —  the  geologic  genesis  of 
the  races  of  mankind. 

At  this  distant  day  the  McGee  observations  assume  another  and 
very  unexpected  interest.  There  is  an  aesthetic  element  involved. 
In  an  exalted  mood,  almost  unparalleled,  Iowa  State  proposes  to 
protect  for  future  generations  the  site  of  these  basic  geological  dis¬ 
coveries.  She  already  erects  over  the  scene  a  graceful  and  highly 
artistic  stone  arch,  that  becomes  an  integral  part  of  the  landscape 
prospect  in  a  State  Park  in  the  very  heart  of  her  Capital.  In  devel¬ 
oping  one  of  the  beauty  spots  of  her  estate  she  makes  the  motif  a 
geological  one.  Still  in  her  aesthetic  trance  she  has  in  contempla¬ 
tion  the  dedication  of  such  noble  bridge  to  Science.  On  one  abut¬ 
ment  it  is  suggested  to  place  a  large  bronze  bos  relief  of  McGee, 
with  appropriate  inscription  of  its  purpose;  and  on  the  other 
buttress  a  similar  bronze  tablet  commemorating  the  scientific  deeds 
of  some  other  of  Iowa’s  geological  sons,  to  be  later  determined  by 
the  Iowa  Academy  of  Sciences.  In  transcending  its  scientific  pre¬ 
serves  this  last  mentioned  institution  already  has  to  its  credit  the 
hanging  in  the  State  Art  Gallery  life-sized,  oil  portraits  of  three 
of  Iowa’s  most  distinguished  geologists. 

When  McGee  appeared  upon  the  Glacial  scene  of  central  Iowa, 
in  the  Summer  of  1881,  the  ground  was  already  somewhat  pre¬ 
pared  for  him.  R.  Ellsworth  Call,  who  was  then  living  in  Des 
Moines,  and  who  was  particularly  interested  in  the  loess  and  its 
problems,  had  then  recently  discovered  that  this  characteristic 
loam  occupied  the  high  grounds  of  all  the  region  about  the  Capital 
City.  To  his  astonishment  the  deposit  was  found  reclining  every¬ 
where  upon  the  Glacial  drift.®  He  did  not  know  at  that  time  that 
there  was  also  Glacial  till  resting  upon  it.  This  feature  was 
the  important  fact  that  McGee  established  when  he  came  to  go 
over  critically  and  in  detail  the  Call  sections. 

Thus  it  transpired  that  about  half  a  century  ago  when  deep 
road-cuttings  were  being  made  on  Capitol  Hill  there  were  un¬ 
earthed  some  geological  features  that  have  since  become  famous 
the  world  over.  While  the  excavations  were  fresh  the  walls 
displayed  with  diagrammatic  clearness  some  of  the  most  note¬ 
worthy  Glacial  drift  phenomena  ever  uncovered  on  the  American 

8  American  Naturalist,  Vol.  XV,  p.  282,  1881. 
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continent.  At  the  time  the  record  was  carefully  preserved  in 
one  of  our  leading  scientific  magazines.  Were  it  not  for  this 
circumstance  a  great  scientific  discovery  might  soon  have  passed 
into  oblivion  and  lost.  Long  since  the  mural  faces  succumbed 
to  the  effacing  effects  of  rain  and  frost,  until  they  were  worn 
down  to  gentle  hillside  slopes,  grass-covered  and  tree-dotted. 

In  recent  extensive  grading  operations  on  the  new  Capitol 
grounds  the  celebrated  Glacial  sections  are  again  laid  open  to 
sky.  The  site  is  now  to  be  preserved  for  the  ages  to  come.  It  is 
already  to  be  marked  by  a  permanent  monument  erected  by  the 
State  of  Iowa.  A  beautiful  and  substantial  bridge  spans  the 
sunken  speedway  where  the  sections  were  best  exposed. 

This  monumental  site,  on  the  brow  of  Capitol  Hill,  is  now  really 
one  of  the  scientific  wonders  of  the  state.  Geologically,  however, 
its  interest  is  indeed  global.  Bearings  of  these  local  .  sections 
upon  the  broader  aspects  of  the  basic  problems  concerning  the 
great  Ice  Age  seem  worthy  of  brief  relation.  For  many  years 
after  Louis  Agassiz  first  gave  to  the  world  his  theory  of  glaciation 
—  one  of  the  most  brilliant  generalizations  of  modern  science  — 
earth  students  in  the  field  were  occupied  mainly  in  gathering  facts 
and  details.  With  the  accumulation  of  these  records  came  new 
generalizations.  Gradually  it  came  to  be  realized  that  the  original 
notion  was  not  nearly  so  complete  as  was  in  the  beginning  sup¬ 
posed.  ' 

Finally  it  began  to  develop  that  instead  of  a  single  Glacial 
epoch  there  were  probably  several  successive  Ice  Ages.  In  the 
great,  world-wide  controversy  which  was  warmly  waged  on  this 
subject  for  more  than  a  generation  Iowa  chanced  to  bear  a 
conspicuous  part.  Not  the  least  interesting  feature  was  it  that  in 
this  State  were  found  the  first  undoubtable  evidences  of  the  exis¬ 
tence  of  more  than  one  drift-sheet  separated  by  a  thick  deposit 
of  fine,  wind-deposited  loam.  In  after  years  this  observation 
proved  to  be  the  most  critical  criterion  in  the  argument  for  a 
multiple  rather  than  a  unal  character  of  the  Ice  Age.  More¬ 
over,  Iowa  men  made  this  important  discovery.  In  this  State 
were  finally  differentiated  five  great  Glacial  mantles.  At  the 
present  day  the  Iowa  Classification  of  the  great  Ice  Age  de¬ 
posits  is  recognized  the  world  over. 
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This  spot  on  Capitol  Hill,  where  first  were  obtained  the  de- 
positional  proofs  of  the  complexity  of  the  Glacial  Period,  is  for 
several  reasons  exceptionally  instructive.  It  seems  to  be  the 
first  locality  ever  recorded  in  which  the  stratigraphical  relations 
of  two  drift-sheets  were  unmistakable.  It  is  also  this  section 
which  later  gave  first  intimation  of  the  eolian  origin  of  American 
loess  loams.  It  is  here-  that  was  disclosed  first  clue  to  that 
wonderful  interlocking  of  the  continuous  south-western  loess 
and  adobe  deposits  with  the  northeastern  Glacial  tills.  This  site 
bids  fair  long  to  remain  one  of  the  classic  geological  localities 
of  the  continent. 

At  this  time  and  at  this  distance  there  are  few  of  us  who  can 
have  any  adequate  appreciation  of  the  almost  unsurmountable 
difficulties  which  this  novel  problem  once  presented,  albeit  now 
it  seems  all  so  simple.  Still  fewer  of  us  there  are  who  can  gather 
directly  from  experience  what  it  really  means  actively  and  de¬ 
terminedly  to  contend  on  the  skirmish-line  of  the  unknown.  By 
our  distinguished/  colleague,  the  late  W  J  McGee,  than  whom 
no  one  was  in  better  position  to  know  intimately  the  marvelous 
intricacies  of  the  attempt  to  decipher  the  Glacial  puzzles  of  that 
day,  the  procedure,  so  far  as  it  concerns  Iowa,  is  thus  graphically 
portrayed :  *  *  *  “In  the  solution  of  the  problem  it  is  nec¬ 

essary  to  do  more  than  assume  the  existence  and  action  of  a  great 
sheet  of  ice  hundreds  or  thousands  of  feet  in  thickness  and  hund¬ 
reds  or  thousands  of  miles  in  extent.  In  order  to  explain  the 
sum  of  the  phenomena  it  is  necessary  to  picture  the  great  ice- 
sheet  not  only  in  its  general  form  and  extent,  but  in  its  local 
features,  its  thickness,  its  direction,  and  its  rate  of  movement 
over  each  square  league,  the  inclination  of  its  surface  both  at 
top  and  bottom,  and  the  relations  of  these  slopes  to  the  sub¬ 
jacent  surface  of  earth  and  rock;  and  all  this  without  a  single 
glacial  stria,  or  inch  of  ice  polish,  save  in  one  small  spot,  in  the 
whole  tract  of  16,500  square  miles.  It  is  necessary  to  con¬ 
ceive  not  only  the  mode  of  melting  of  the  ice  at  each  league  of 
its  retreat,  but  also  every  considerable  brook,  every  river,  and 
every  lake  or  pond  formed  by  the  melting,  both  at  its  under 
surface  and  on  its  upper  surface;  it  is  necessary  not  only  to 
restore  not  only  the  margin  of  the  mer  de  glace  under  each  minute 
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of  latitude,  it  occupied,  but  as  well,  the  canyons  by  which  it  was 
cleft,  the  floe-bearing  lakes  and  mud-charged  marshes  with  which 
it  was  fringed,  each  island  of  ice,  and  each  ice-bound  lake  formed 
within  its  limits.  And  it  is  not  only  necessary  to  reconstruct 
the  geography  of  a  dozen  episodes,  as  does  the  anatomist  the 
skeleton  from  a  few  bones,  but  to  develop  a  geography  such  as 
civilized  eye  has  never  seen,  and  which  could  exist  only  under  con¬ 
ditions  such  as  utterly  transcend  the  experience  of  civilized  men. 
All  this  has  been  done.  The  trail  of  the  ice  monster  has  been 
traced,  his  magnitude  measured,  his  form  and  even  his  features 
figured  forth,  and  all  from  the  slime  of  his  body  alone,  where 
even  his  characteristic  tracks  fail.” 

As  originally  described  in  the  American  Journal  of  Science, 
the  now  famous  exposures,  on  the  brow  of  Capitol  Hill,  present 


the  following  succession  of  beds: 

Feet 

6.— Soil  _ 2 

5. — Till;  light  reddish  buff  clay,  with  pebbles _ 7 

4. — Till,  contorted  and  interstratified  with  loess _ 5 

3. — Loess,  with  numerous  fossils _ 15 

2. — Till ;  dark  red  clay,  with  abundant  pebbles _ 6 

1. — Shale,  Carbonic,  exposed  - 10 


The  salient  features  to  be  especially  noted  are  that:  First,  the 
lower  till  sheet  (No.  2)  represents  what  is  now  called  the  Kansas 
Drift,  which  was  formed  when  the  great  continental  glacier, 
reaching  southward  to  St.  Louis  and  Kansas  City,  attained  its 
greatest  extent  and  thickness;  second,  the  loess  members  (Nos. 
3  and  4)  composed  of  fine  loams,  constitute  the  soil  formations 
during  long  interglacial  epochs  when  the  climate  was  not  so  very 
different  from  what  it  is  at  the  present  time ;  and  third,  the  upper 
till  (No.  5)  represents  what  is  now  known  as  the  great  Wisconsin 
Drift-sheet. 

At  the  time  when  these  observations  were  made  (1882),  as 
already  indicated,  the  possible  complexity  of  the  Glacial  Period 
was  not  yet  even  faintly  surmised.  Chances  of  the  existence  of 
a  second  Glacial  Epoch  were  only  vaguely  being  suggested.  The 
prolix  and  bitter  controversy  over  the  duality  versus  the  unity 
of  the  great  Ice  Period  was  just  beginning.  Under  these  cir- 
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cumstances  it  is  not  at  all  surprising  that  some  of  the  Iowa  facts 
were  misinterpreted  and  that  their  true  significance  was  for  a 
time  overlooked.  Then,  too,  the  prevailing  notion  concerning 
lacustrine  origin  of  the  loess  tended  to  obscure  a  proper  under¬ 
standing  of  data  accurately  recorded. 

Notwithstanding  the  fact  that  Doctor  McGee  was  inclined  at 
the  time  to  attach  rather  slight  importance  to  his  really  monu¬ 
mental  observations  and  to  regard  the  phenomena  which  he  had 
noted  as  indicating  perhaps  mere  local  advance  of  the  ice-sheet 
it  soon  became  manifest  that  the  two  till  deposits,  separated  by 
a  thick  loess  bed,  was  impeachable  testimony  in  support  of  two 
distinct  and  great  ice  movements  within  the  period  of  what  pre¬ 
viously  was  regarded  as  a  single  one.  So  far  as  is  known  this 
appears  to  be  the  first  and  most  important  recorded  evidence 
proving  conclusively  the  complex  character  of  the  Ice  Age. 

Of  similar  import  was  the  somewhat  later  description  of  a 
great  drift  section  several  miles  farther  south  on  the  Des  Moines 
River.  In  a  paper  read  before  the  Iowa  Academy  of  Sciences 
in  1890,  it  was  shown  that  there  were  still  other  thick  members 
to  be  reckoned  with  beneath  the  tills  underlying  the  loess.  In 
recent  years  officers  of  the  State  Geological  Survey  were  inclined 
to  regard  it  as  representing  the  pre-Kansan  Aftonian  beds,  and 
the  basal  till  or  Nebraska  Drift. 

Conclusions  reached  by  McGee  may  be  reiterated  as  follows : 
'Tn  order  to  state  intelligently  the  working  hypothesis  suggested 
by  the  foregoing  facts,  it  will  be  necessary  to  state  briefly  the 
conclusion  as  to  the  formation  of  asar  and  the  determination  of 
river  courses,  reached  by  the  author  after  practically  exhaustive 
survey®  of  the  cenology  of  the  northeastern  quarter  of  Iowa. 

“The  ice-sheet  over  this  region  was  thin ;  not  more  than  500  feet 
in  average  thickness.  Each  pre-existing  plateau,  or  ridge,  ac¬ 
cordingly  produced ’a  relatively  considerable  attenuation  of  the 
sheets.  Three  results  followed :  ( 1 )  The  motion  of  the  ice  was 
retarded  along  the  ridge,  and  its  vertical  pressure  was  reduced, 
thereby  not  only  diminishing  the  rate  of  erosion,  but  heaping  up 
an  unusual  thickness  of  morainic  debris  along  the  ridge  in  what 

9  A  decade  afterwards  the  results  of  this  investigation  were  published  in  a  sumptu¬ 
ous  monograph  by  the  Federal  Government,  under  the  title  of  “Pleistocene  History  of 
Northeastern  Iowa,”  in  the  Eleventh  Annual  Report  of  the  United  States  Geological 
Survey,  pages  190  to  577,  1893. 
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may  be  styled  a  suhmedial  moraine;  (2)  the  attenuation  of  the 
ice.  brought  the  fine  debris,  undoubtedly  disseminated  throughout 
the  lower  portion  of  the  ice,  to  the  surface  in  unusual  quantities, 
thereby  faciliting  superficial  melting  along  the  ridges,  and  thus 
determined  the  course  of  a  supra-glacial  stream;  (3)  the  rapid 
melting  of  the  ice  along  such  lines  so  reduced  its  thickness  and 
diminished  its  pressure  upon  the  subjacent  surface  as  to  divert 
thither  all  sub-glacial  water,  which  accordingly  formed  sub¬ 
glacial  streams  coincident  and  finally  confluent  with  the  supra- 
glacial  rivers;  These  streams  formed  canyons  in  the  ice,  and 
when  eroded  through,  either  formed  basins,  or  extended  their 
corrasion  into  the  subjacent  deposits,  according  to  the  slope  of  the 
surface.  In  either  case,  when  the  canyons  were  long,  the  streams 
so  deeply  corraded  their  beds  before  the  bounding  walls  of  ice 
disappeared  as  to  permanently  retain  the  water-ways  in  the  ridges 
over  which  they  were  first  defined ;  while,  when  the  canyons  were 
short,  the  streams  left  the  ridges  as  soon  as  they  reached  the 
margin  of  the  ice. 

“Passing  now  to  the  region  shown  in  the  accompanying  map  of 
Des  Moines  we  find  to  the  eastward  a  typical  as  in  which  the 
ice-canyon  was  too  short  to  define  a  water-way,  and  about  the 
confluence  of  the  rivers  a  plateau  which  formerly  existed  as  an 
ice-bound  basin,  and  through  which  the  rivers  corraded  their 
valleys  before  the  final  disappearance  of  the  ice.  In  such  a  basin 
the  loess  was  deposited,  just  as  was  all  of  that  of  eastern  Iowa; 
the  coldness  of  the  waters  and  the  low  temperature  of  the  air  be¬ 
ing  attested  by  the  depauperate  shells  found  imbedded  in  it. 
Here,  however,  a  re-advance  of  the  glacier  occurred  before  the 
ice  was  melted  from  the  plains  east  of  Capitol  Hill  and  west  of 
Walnut  Creek,  which  disturbed,  contorted  and  broke  up  the 
superficial  portions  of  the  loess,  and  mingled  its  materials  with 
the  clays  and  bowlders  of  a  super-imposed  sheet  of  drift;  the  re¬ 
advance  being  too  slight  to  completely  remove  the  loess  even 
from  exposed  localities. 

''Apropos  to  the  re-advance  of  the  ice-sheet  here  suggested  is 
Upham’s  discovery  that  Des  Moines  lies  approximately  in  the 
course  of  the  southernmost  lobe  of  the  great  terminal  moraine.^® 

10  Ninth  Ann.  Kept.  Minnesota  Geol.  and  Nat.  Hist.  Surv.,  p.  304,  plate  VI,  1880. 
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Now,  if  the  phenomena  are  coincident,  as  is  forcibly  suggested, 
it  follows  that,  as  has  already  been  urged  by  Chamberlin,^^  this 
moraine  was  formed,  not  during  an  independent  ice-period,  but 
during  a  temporary  halt  and  slight  re-advance  of  the  slowly  re¬ 
treating  ice-sheet  which  formed  the  drift  without  its  limits. 

^Tncidentally  the  observations  herein  recorded  indicate  ( 1 )  from 
the  essentially  homogeneous  and  unquestionably  unipartite  charac¬ 
ter  of  the  drift-sheet  above  the  loess,  especially  in  section  6,  that 
the  Torrellian  hypothesis  of  the  deposit  of  a  ground-moraine  and  a 
superficial  moraine  by  each  glacier  is  invalid;  and  (2)  from  the 
disappearance  of  the  blue  coloration  downward  in  sections  6,  8 
and  10,  that  this  blue  color  is  not  normal  and  changed  to  brown 
or  yellow  by  oxidation  from  above,  as  urged  by  Hawes, Julien,^® 
Von  den  Broek,^^  Shaler,^®  and  others,  but  is  in  some  way  ac¬ 
quired.’’ 

The  Capitol  Hill  till  sections  in  Des  Moines,  now  form  one  of 
the  notable  Glacial  localities  in  America.  During  the  past  thirty 
years  this  place  and  the  vicinity  receives  the  repeated  visits  of 
many  of  the  most  eminent  scientists  of  the  world.  It  so  happens 
that  the  two  thick  drift-sheets  which  cover  Capitol  Hill  are  the 
youngest  and  oldest  but  one  of  a  succession  of  five  great  glacial 
mantles,  the  intermediary  sheets  being  absent.  Now,  the  stone 
bridge,  of  which  a  view  is  given  in  the  accompanying  plate,  joins 
two  unrivaled  sections,  on  opposite  sides  of  the  Court  Avenue 
speedway.  The  south  abutment  rests  on  the  most  ancient  drift 
sheet  and  the  deposits  beneath;  while  the  north  end  of  the  span 
abuts  the  most  recent  drift  deposit. 

The  arch  not  only  spans  a  fine  boulevard  but  it  connects  the 
two  glacier  dropped  beds  which  in  point  of  time  were  separated 
by  thousands  upon  thousands  of  years.  Geologically  this  noble 
structure  spans,  as  it  were,  the  Glacial  Period  as  does  the  rainbow 
the  heavens.  It  is  fitting  that  a  majestic  monument  should  mark 
the  positions  of  the  famous  McGee  drift  sections,  which  first  gave 
definite  clue  to  the  grand  conception  of  a  multiple  Ice  Age.  It 

11  Geology  of  Wisconsin,  1873-1877,  Vol.  II,  pp.  214-218,  1877. 

_  12  Geology  of  New  Hampshire,  Vol.  Ill,  p.  333,  1878. 

13  Proc.  American  Assoc.  Adv.  Sci.,  Vol.  XXVII,  p.  352,  1879. 

14  Mem.  sur  les  Phenomenes  d’Alteration  des  Depots  superficiels  par  I’infiltration 
des  eaux  Meteoriques,  pp.  147-168,  1881. 

15  Glaciers,  p.  165,  1881. 
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is  especially  fitting  that  Iowa  should  in  so  artistic  a  manner  and 
in  so  permanent  a  form  commemorate  such  unique  event. 

Had  McGee,  at  this  early  stage  of  his  career,  been  somewhat 
more  independent  in  his  mode  of  thinking  he  doubtless  would 
have  stumbled  upon  the  proper  interpretation  of  what  was  placed 
so  clearly  and  so  conspicuously  before  him.  In  an  earnest  en¬ 
deavor  to  harmonize  his  novel  results  with  the  theoretical  de¬ 
ductions  of  Chamberlin,  then  recently  published,  he  entirely  missed 
the  larger  and  more  comprehensive  significance  of  his  fundamental 
observations.  As  it  was,  this  distinguished  pioneer  in  the  field 
of  Glaciology  narrowly  escaped  making  one  of  the  half-dozen 
great  geological  discoveries  of  the  Nineteenth  Century  —  the  es¬ 
tablishment  of  the  broad  generalization  of  the  complexity  of  the 
Glacial  Period. 
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GLACIAL  BORDER  OF  SPOKANE 

By  Prof.  Thomas  Large 
Spokane,  W ashington 

Notwithstanding  the  fact  that  Glacial  phenomena  abound  on 
every  hand  throughout  northeastern  Washington  their  discription 
and  explanation  are  quite  generally  neglected.  Before  attempting 
portrayal  of  any  phase  of  these  features  their  geological  setting 
is  with  advantage  a  theme  of  brief  outline.  Weaver,  in  describing 
the  adjacent  county  of  Stevens,  regards  the  tract  as  a  southward 
extension  of  the  Pend  Oreille  Mountains  and  the  Spokane  Plateau ; 
the  first  referring  to  that  uplift  in  northeastern  Washington  lying 
between  Clark  Fork  and  the  Colville  and  Chamokane  rivers,  and 
the  latter  to  the  basaltic  plain  which  continues  southward  from  the 
lava  fields  of  the  Columbia  River.  If  this  classification  be  followed 
it  should  be  realized  that  the  mountains  mentioned  constitute  two 
distinct  epochs  of  uplift.  The  northernmost  section,  which  has  re¬ 
ceived  most  attention  from  geologists,  is  mainly  composed  of  meta- 
morphic  rocks,  argyllites,  slates,  indurated  shales  and  limestones, 
which  are  variously  assigned  to  dififerent  divisions  of  Paleozoic 
time,  even  so  late  as  the  Carbonic  Period. 

To  the  south,  in  an  almost  equilateral  triangle,  of  approximately 
80  miles  on  a  side,  having  its  eastern  border  a  few  miles  beyond 
the  Idaho  boundary,  and  extending  from  Clark  Fork  to  the  Tekoa 
Mountain,  and  with  its  western  apex  near  Davenport,  is  a  region 
which  seemingly  shows  no  evidences  of  marine  submergence  since 
Pre-Cambrian  times.  This  supposed  ancient  upland  is  highest  at 
its  eastern  border  and  slopes  gently  to  the  southwest,  until  it  dis¬ 
appears  beneath  the  Columbia  River  basalts,  at  an  elevation  of 
about  2500  feet.  Its  surface  is  not  a  uniform  plain,  but  is  carved 
by  streams  and  moulded  by  weathering  into  ridges  and  peaks. 
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Towards  the  western  apex  of  the  triangle  mentioned,  is  a  line  of 
seven  peaks,  which  form  a  range  extending  from  Fish  Lake  north 
of  Cheney,  to  Reardon.  These  elevations  are  surrounded  at  their 
bases  by  the  level  lava-plain,  above  which  they  rise  400  to  500 
feet.  So  well  are  they  masked  by  a  residual  soil  that  they  are 
easily  mistaken  for  outlying  buttes  of  the  Palouse  soil,  which  is 
closely  adjacent  to  them  on  the  south. 

In  the  southeast  angle  are  Tekoa  Mountain  and  a  considerable 
hill  at  Fairfield.  Steptoe  Butte  to  the  southward  is  an  outlying 
island  of  granite  rock.  The  two  Mica  Peaks,  Moran  Mountain, 
Silver  Hill,  and  Brown  Butte,  form  a  range  extending  from  the 
middle  of  the  east  side,  westward,  past  the  midpoint  of  the  triangle 
just  south  of  Spokane.  Immediately  north  of  this  range  is  the 
valley  of  the  Spokane  River,  crossing  the  triangle  from  east  to 
northwest.  From  it  the  land  rises  to  5800  feet  in  Mount  Spokane, 
the  highest  point  in  the  triangle,  eighteen  miles  north  of  the  river. 
This  mountain  is  apparently  a  granite  batholith  which  may  have 
arisen  at  the  time  of  the  uplift  of  the  northern  portion  of  the 
Pend  Oreilles.  From  near  Darford,  northwestward,  extends  an¬ 
other  ridge  connecting  with  the  other  portion  of  the  Pend  Oreille 
Mountains  near  Loon  Lake. 

Between  the  Darford  range  of  hills  and  Mount  Spokane  lies  the 
valley  of  the  Little  Spokane  River.  It  extends  from  the  northern 
edge  of  the  triangle  southward  to  the  city  of  Spokane,  as  a  broad 
basin  with  an  average  level  of  about  2000  feet  above  tide.  The 
river  itself  occupies  a  narrow,  post-glacial  trench,  and  flows  south¬ 
ward  to  within  ten  miles  of  the  city  of  Spokane,  where  it  makes 
an  abrupt  turn  to  the  west  and  flows  through  a  rock-walled  gorge 
to  the  Spokane  River. 

From  the  southwest,  chiefly,  but  possibly  from  local  vents  also, 
there  came  during  the  Tertic  Period,  successive  floods  of  lava.  As 
these  entered  the  valleys  they  obstructed  the  water-courses  and 
formed  lakes,  in  the  bottoms  of  which  were  often  deposited  the 
fossil  bearing  beds,  locally  called  “shales,”  but  better  named  by 
Russell  “micaceous  clay.”  An  abundance  of  fossil  leaves  and 
wood  in  various  stages  of  preservation  are  here  found  but  singular¬ 
ly  the  only  animal  fossils  yet  discovered  are  a  bee  and  a  cock¬ 
roach.  The  lowest  level  at  which  these  beds  are  exposed  is  in 
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Deep  Creek  Canyon,  eight  miles  northwest  of  Spokane,  at  about 
1750  feet  elevation;  and  the  highest  north  are  at  Mica,  twelve 
miles  southeast  of  Spokane,  at  2475  feet  elevation.  Well-drilling 
in  a  number  of  localities  indicates  that  these  lacustral  deposits  are 
regularly  interbedded  with  the  successive  flows  of  basalt. 

No  indication  is  found  of  notable  disturbance  of  the  horizontal 
position  of  these  clays.  This  fact  indicates  rather  remarkable 
static  conditions  prevailing  in  this  area,  considering  the  great  dis¬ 
turbances  which  were  there  going. on  so  near  at  hand  in  the  uplift 
of  the  Cascade  ranges  and  even  nearer  in  the  folding  which  pro¬ 
duced  Saddle  Mountain.  That  one  great  critical  rupture  actually 
did  occur,  however,  there  is  good  evidence.  After  the  last  lava- 
flow,  and  before  the  date  of  the  great  glaciation,  it  seems  that 
faulting  took  place  from  Tekoa  Mountain  to  the  hills  northwest 
of  Dartford.  This  is  indicated  by  the  straight  line  of  the  valleys 
of  Latah  Creek  (locally  called  Hangman  Creek)  and  Spokane 
River  below  Spokane,  and  by  the  decapitation  of  southwestward 
flowing  streams. 

Since  Pardee,  in  the  Colville  Indian  Reservation,  and  Weaver, 
in  Stevens  County,  found  that  the  Columbia  lavas  flowed  con¬ 
siderable  distances  up  narrow  valleys,  so  in  this  area,  which  is 
continuous  eastwardly  with  the  areas  of  their  work,  we  may 
explain  the  many  detached  masses  of  basalt  by  remembering  that 
since  they  flowed  into  the  valleys,  a  long  period  elapsed  in  which 
weathering,  water-erosion,  and  ice-erosion  have  all  made  greater 
changes  in  the  level  of  the  crystalline  rocks  than  of  the  basalt, 
and  in  some  instances  what  were  then  the  hills  are  now  the  valleys, 
with  the  more  resistant  basalt  which  filled  the  old  valleys  making 
their  walls. 

One  additional  feature  should  be  noted  in  this  connection,  but 
to  account  for  its  presence  no  explanation  is  here  ventured ;  —  this 
is  the  much  discussed  Palouse  Soil.  This  layer  of  soil,  with  a 
depth  of  200  feet  or  more,  reclines  directly  upon  the  Columbia 
River  basalts  in  the  southern  portion  of  the  Spokane  area.  In 
some  instances  thin  edges  of  it  are  found  over-lying  the  crystalline 
rocks.  The  Spokane  area  is  bordered  on  the  west  and  southwest 
by  the  “Big  Bend  Country,”  and  on  the  south  by  the  “Palouse 
Country.”  The  differences  in  these  two  tracts  are  chiefly  due  to 
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the  greater  aridity  of  the  former,  the  Palouse  Soils  covering  the 
greater  part  of  the  surface  of  both. 

Whether  glaciation  of  northeastern  Washington  occured  in 
two,  three,  or  four  epochs  must  be  determined  by  further  work 
than  has  yet  been  done  on  the  separation  of  the  traces  which 
are  left. 

Beginning  with  a  possible  Kansan  glaciation,  Leverett  calls  es¬ 
pecial  attention  to  a  bed  of  clay,  in  the  brick-yard  at  Cheney,  18 
miles  southwest  of  Spokane.  The  appearance  there  is  that  of  a 
till  of  great  age.  However,  it  seems  that  before  there  is  unquali¬ 
fied  acceptance  of  its  antiquity,  further  corroborative  evidences 
must  be  found.  While  it  is  true  that  the  lateral  moraine  of  a 
later  ice-invasion  is  distant  only'a  few  hundred  yards  further  east 
than  this  appearance  of  ancient  till,  yet  it  is  not  impossible  that 
this  supposed  Kansan  drift  was  produced  by  compacting  Palouse 
soil  under  a  weight  of  ice  of  the  later  period,  and  the  natural 
mingling  therewith  of  pebbles  and  boulders  borne  by  this  ice-mass. 

Extending  north  from  Moran  Mountain,  just  east  of  Glen- 
rose,  and  a  short  distance  southeast  of  Spokane,  is  a  ridge  of 
gneiss  thinly  covered  with  residual  soil  which  in  a  distant  view 
.  gives  an  impression  of  an  ice-swept  hill.  This  impression  is 
strengthened  by  the  fact  that  although  it  has  been  entirely  sur¬ 
rounded  by  forest,  the  ridge  itself  appears  always  to  have  been 
without  trees.  Ifi  its  appearance  is  due  to  glaciation  no  trace 
remains  of  morainic  materials  either  on  the  slopes  of  the  hill, 
or  against  the  base  of  the  mountain  toward  which  the  ice  must 
have  moved.  Sufficient  remoteness  in  time  might  account  for 
removal  of  traces  of  the  morainic  materials.  This  hill  lies  about 
a  mile  east  of  the  eastern  border  of  the  great  ice-lobe.  This  im¬ 
pression  is  mentioned  not  because  it  offers  anything  tangible,  but 
with  the  hope  that  some  keener  investigator  may  find  here  a  clue 
to  unquestioned  evidence  of  a  more  remote  glacial  period.  For 
the  present  the  case  of  Kansan  glaciation  must  rest  on  Leverett’s 
single  observation  at  Cheney. 

Of  the  great  glaciation  of  the  region  sufficient  evidence  is  now 
accumulated  so  that  one  may  speak  with  considerable  confidence. 
Although  Campbell  describes  a  glacier  reaching  to  Spokane  from 
the  east,  by  the  way  of  the  valley  of  the  Spokane  River,  and  the 
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Soil  Survey  of  Spokane  County  recognizes  that  the  western  half 
of  the  county  was  covered  with  Glacial  deposits,  first  recognition 
of  the  glaciation  on  the  basalt  plateaux,  as  representing  a  period 
distinct  from  other  glaciation  of  the  region,  was  announced  by 
the  writer  a  little  over  a  year'  ago  in  a  paper  read  November  2, 
1921  before  the  Columbia  Section  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers. 

In  this  paper  attention  was  called  to  erratic  boulders,  gravel 
and  clay  deposits  found  on  the  surface  of  Columbia  basalt  plains. 
The  basalt  to  the  north  and  northeast  of  the  city,  is  in  detached 
masses,  while  to  the  south  and  west  it  is  continuous  with  the 
Columbia  plateau.  In  these  localities  it  is  dissected  to  some 
extent  by  narrow  valleys  of  Latah,  Lake,  Paradise  and  Deep 
creeks.  All  are  level-topped  with  an  elevation  of  about  2500 
feet.  They  bear  the  names.  Pleasant  Prairie,  Peone  Prairie,  Five- 
mile  Prairie,  Indian  Prairie,  Sunset  Prairie,  Paradise  Prairie,  and 
Moran  Prairie,  in  order  from  northeast  to  west  and  south  of  the 
city.  The  first  three  prairies  mentioned  are  at  present  de- 
'  tached  from  the  Columbia  plateau.  In  every  instance  clay  and 
gravel  and  abundant  erratic  boulders  of  granite  and  quartzite 
are  mingled  with  boulders  of  basalt  on  the  level  tops.  There  is  a 
decided  tendency  to  angularity  in  all  these  boulders.  Most  com¬ 
monly  they  are  embedded  in  clay  or  gravel.  The  gravel  beds  are 
typical  of  all  Glacial  gravels,  i.  e.,  in  places  unassorted  and  in 
others  showing  the  assorting  action  of  the  out-wash  waters.  In 
different  localities  the  ice-action  is  different.  In  some  places,  as  in 
parts  of  Sunset  Prairie  near  Sunset  Boulevard  and  on  Moran 
Prairie  from  near  Lincoln  Park  southward  to  the  city  limits,  its 
effect  is  to  scour  the  basalt  with  very  little  depositing  action.  On 
Thirty-ninth  Avenue,  from  the  Adams  School  westward  to  near 
Perry  Street,  a  distance  of  a  mile,  a  trench  dug  for  city  water- 
mains  showed  only  hard  basalt.  Here  and  there,  at  considerable 
distances  apart,  are  to  be  seen  granite  boulders  which  might 
easily  have  been  carried  by  floating  ice.  This  suggests  that  the 
Columbia  drainage  through  the  Spokane  Valley  may  have  taken 
this  direction  for  a  time.  The  want  of  river  gravels  may  be  ac¬ 
counted  for  by  a  lake  (mentioned  later)  acting  as  a  settling  basin. 

The  great  ice-mass  must  have  approached  by  way  of  the  lowland 
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plain  between  the  Huckleberry  Mountain  and  Mount  Spokane, 
moving  in  a  direction  west  of  south.  On  reaching  the  valley  of 
the  Spokane  River  it  probably  encountered  a  substantial  obstruc¬ 
tion  in  the  form  of  a  mountain  of  granite  which  is  at  present  repre¬ 
sented  by  Little  Baldy  lying  between  Hillyard  and  Pleasant  Prairie. 
Such  an  hypothesis  would  satisfactorily  explain  why  the  ice  did 
not  cross  the  valley  farther  east,  and  is  to  some  extent  supported 
by  the  abundance  of  morainic  materials  from  this  source,  and 
present  appearances  of  the  hill. 

By  crossing  the  Spokane  Valley  a  dam  was  formed  and  waters 
of  the  upper  Columbia  drainage  basin  were  apparently  impounded 
forming  Lake  Spokane.  While  the  ice  seems  to  have  extended 
onto  Pleasant  Prairie  to  the  east  of  Little  Baldy,  no  evidence  is 
yet  found  of  glaciation  on  the  south  side  of  Spokane  Valley  east 
of  Spokane  city.  Abundant  scattered  boulders  of  granite  are  to 
be  found  throughout  the  valley  up  to  2500  feet  elevation.  In  fact, 
in  a  paper  read  before  the  Geological  Society  of  America  in  1910 
Hershey  set  forth  as  evidence  of  the  existence  of  a  Glacial  lake  in 
the  valley  occupied  by  Coeur  d’Alene  Lake  and  Coeur  d’Alene 
River,  the  presence  of  granite  and  basalt  boulders  on  the  terraces 
of  the  last  mentioned  stream  at  Kellogg,  Idaho,  which  could  not 
have  been  derived  from  the  mountains  of  that  region,  but  could 
only  have  been  carried  in  on  floating  ice.  The  elevations  at 
which  Mr.  Hershey  found  these  boulders  corresponds  fairly  well 
with  the  distribution  of  similar  boulders  where  the  writer  has 
been  able  to  make  observations  from  Spokane  to  head  of  Liberty 
Lake.  Most  conclusive  evidence  in  the  way  of  ice-rafted  boulders 
is  to  be  found  in  the  angular  granites  entirely  detached  from  all 
Glacial  till,  or  river-wash,  on  the  top  of  the  basaltic  mesa  two  miles 
southeast  of  Vera,  in  Spokane  Valley  (Sections  19  and  30,  T.  25 
N.,  R.  45  E.)  -These  boulders  lie  at  an  elevation  of  2300  to  2400 
feet.  Another  evidence  of  the  presence  of  a  lake  is  to  be  found 
in  the  appearance  of  the  sand  deposits  which  have  the  appearance 
of  having  been  laid  down  in  water,  in  the  north  wall  of  the  valley 
between  Trent  and  the  Hutton  settlement,  and  a  still  further  evi¬ 
dence  in  the  Mica  Outlet.  This  outlet  may  be  readily  studied  on 
the  topographical  map  of  the  Spokane  Quadrangle.  It  lies  between 
Mica  Peak  and  Moran  Mountain,  at  the  village  of  Mica,  twelve 
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miles  southeast  of  Spokane.  The  presence  of  this  outlet  alone  is 
not  at  all  convincing  proof  of  the  existance  of  a  Glacial  lake  as 
it  might  readily  have  been  connected  with  the  drainage  distur¬ 
bances  of  the  Tertic  Period,  but  the  presence  of  a  large  quartzite 
boulder  lying  beside  the  road  in  the  west  branch  of  the  “outlet,” 
one  mile  west  of  the  village  of  Mica,  carries  conviction  to  the 
writer,  as  it  seems  also  to  have  done  to  Professor  Bretz  who, 
later,  found  it  independently.  This  boulder  is  angular  except 
at  one  end  which  is  worn  very  smooth. 

The  two  branches  of  the  Mica  outlet  come  together  in  California 
Creek,  which  flows  into  Latah  (Hangman)  Creek  at  Duncan.  At 
this  point  there  seems  to  have  been  an  obstruction,  for  the  water 
of  Latah  Creek  found  an  outlet  nine  or  ten  miles  further  up,  by 
cutting  through  the  Palouse  soil  at  what  is  now  the  head  of  North 
Pine  Creek,  and  thence  passed  southwestward  by  Pine  Creek 
Valley  to  enter  Rock  Lake. 

The  southern  and  western  limits  of  glaciation  in  Washington 
have  not  been  studied  by  the  writer  in  detail,  and  this  problem 
is  cheerfully  turned  over  to  Mr.  Pardee  of  the  U.  S.  Geological 
Survey  and  to  Professor  Bretz,  who  have  been  making  investi¬ 
gations  along  this  line  during  the  past  summer.  However,  it 
seems  clear  that  the  ice  field  extended  southward  unbroken  as 
far  as  the  range  of  hills  (above  described)  to  the  north  of  Cheney 
but  apparently  did  not  go  over  the  tops  of  these  hills.  A  tongue 
of  ice  on  the  east  of  this  range  lay  between  Fish  Lake  and  Moran 
Mountain  as  shown  by  its  effect  in  obstructing  Latah  (Hangman) 
Creek,  and  diverting  its  waters  to  Pine  Creek,  and  by  the  ice- 
effects  to  be  seen  against  the  hill  at  Fish  Lake,  by  the  ground 
moraine  near  Marshall,  and  the  lateral  moraine  at  Cheney.  How 
much  further  to  the  southwest  the  ice  extended  is  not  known  to 
the  writer.  Whether  ice  or  water  was  the  agency  doing  the  work 
through  the  gaps  between  the  hills  at  Four  Lakes,  Granite  Lake, 
and  between  Clear  Lake  and  Medical  Lake  evidence  at  hand  is  not 
conclusive.  Investigation  of  the  hills  from  Fish  Lake  to  Granite 
Lake  show  no  evidence  of  ice  action  over  150  feet  above  the 
basalt  of  the  valley  floor. 

Whether  the  later  glaciation  in  the  Little  Spokane  Valley  is  a 
stage  in  the  retreat  of  the  Great  Glacier,  a  separate  time  of  gla- 
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ciation,  or  is  connected  with  the  Wisconsin  glaciation,  the  present 
known  facts  do  not  warrant  positive  assertion.  The  moraine 
traced  by  Black  welder  and  Gary  in  1903  from  the  mouth  of  the 
Spokane  River  northward  to  near  Colville  and  southeastward  to 
the  Idaho  line,  near  Newport,  may  have  been  the  farthest  advance 
of  the  Wisconsin  ice  from  this  direction.  There  is  an  abundance 
of  evidence  to  support  Campbell  in  his  belief  that  a  glacier  reached 
Spokane  from  the  east.  The  relations  of  the  river  terraces  to 
the  Glacial  gravels  are  such  as  to  discourage  hasty  judgments. 

The  writer  has  recently  been  working  on  a  moraine  wholly  within 
the  city  of  Spokane,  which  belongs  to  the  Little  Spokane  Valley 
glaciation.  It  seems  to  promise  some  solution  to  the  problems 
'  mentioned  in  the  precediug  paragraph.  This  moraine  is  a  frag¬ 
ment  of  some  moraine  from  the  north.  It  apparently  was  pro¬ 
duced  by  an  ice-lobe  which  crossed  the  Spokane  Valley  after  the 
erosion  which  drained  Lake  Spokane  and  cleared  the  valley  of  the 
greater  part  of  the  material  left  by  the  Great  Glacier.  It  reached 
the  south  wall  of  the  valley  at  a  level  considerably  below  the  2500 
foot  level;  and  in  many  places  appears  to  have  been  stopped  by 
the  vertical  basalt  cliff  which  in  places  forms  this  wall.  Where 
the  basalt  is  less  steep  it  ascended  and  pushed  a  short  distance 
south  leaving  thin  lobes  of  morainie  material.  South  and  east  of 
Lincoln  Park  a  considerable  lobe  pushed  into  a  basin  in  the  basalt 
and  a  great  amount  of  outwash  sand  and  gravel  partially  filled 
this  basin.  At  Pantops,  at  the  southeast  corner  of  the  city,  this 
advance  of  the  ice  furnished  most  of  the  gravel  of  the  Electric 
Railroad  pit.  It  is  here  that  the  curious  mixture  of  water-laid 
gravels  and  enormous  angular  granite  boulders  occurs.  This  ice- 
front  may  be  traced  against  the  basalt  cliffs,  or,  in  more  extended 
lobes  on  higher  levels,  to  a  point  three  miles  west,  on  Twentieth 
Avenue  at  Ivory  Street.  It  does  not  seem  to  belong  to  the  Wis¬ 
consin  glaciation,  for  it  is  cut  off  from  whatever  ground  moraine 
it  belongs  with  at  the  north  by  a  deeper  portion  of  the  valley  on 
the  floor  of  which  the  Wisconsin  ice  approached  from  the  east. 
Near  Granite  Point,  some  little  distance  north  of  Pantops,  a  bit 
of  this  moraine  is  to  be  seen  lower  in  the  valley  and  very  near 
a  gravel  pit  in  the  river  terrace.  There  is  here  an  appearance  of 
distinctly  greater  age  of  the  morainic  materials. 
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POSITIONS  OF  THE  ANCIENT  CONTINENTS 

By  Dr.  Rudolf  Ruedemann 
New  York  State  Museum 

From  the  preparation  of  palegeographical  maps  of  times  before 
the  Cambric  Period  paleontologists  invariably  shrink.  Absence 
of  fossils  record  shrouds  that  distant  period  in  an  impenetrable 
obscurity.  But  the  uncertainty  of  the  twilight  is  not  nearly  so 
deterring  now  as  some  paleogeographers  would  have  us  believe. 
Fossils  are  no  longer  the  sole,  or  indespensible,  guides  in  the 
geographic  excursions  into  times  v/hen  the  earth  was  young. 

Difficulties  with  the  metamorphic  and  non-fossiliferous  rocks 
are  rapidly  growing  less  formidable.  Little  by  little  perplexities 
once  thought  unsurmountable  give  way.  Distinction  among  Pre- 
Cambrian  beds  of  originally  marine  and  terrestrial  formations  give 
up  their  criteria  for  classing  them  as  deep-sea  or  continental  ter- 
ranes.  Folded  and  foliated,  faulted  and  intruded  massifs  which 
once  furnished  no  distinctive  lines  of  attack,  now  permit  of  reason¬ 
able  interpretation.  Even  intercontinental  correlations,  formerly 
so  impossible,  begin  to  assume  orderly  position.  The  ground  is 
now  not  nearly  so  uncertain  as  it  was  even  a  short  while  ago. 

In  briefly  summarizing  the  data  that  may  be  competent  to  indi¬ 
cate  the  configuration  of  the  Pre-Cambrian  land-masses  it  must 
also  be  asked  whether  the  world-wide  folding  of  the  Archean 
basement  complex  could  not  be  explained  by  simple  terrestrial 
forces.  In  this  connection  the  result  of  close  mapping  of  the  Pre- 
Cambrian  folds,  carried  out  in  late  years,  in  Bohemia  and  Scandi¬ 
navia  is  of  great  importance.  It  brings  out  closely  compressed 
folds  whose  strikes  are  tortuous  and  wavy  curves  and  often  sub- 
circular  and  even  angularly  broken  lines.  This,  it  has  been  con¬ 
cluded,  points  to  a  tangential  pressure,  acting  from  all  sides  on  an 
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earth-crust  of  fairly  uniform  composition  (Uhlich),  a  pressure 
and  a  composition  that  could  be  found  only  in  Pre-Cambrian,  or 
rather  Archean  time,  and  that  means  a  uniform  contraction  of  the 
entire  earth-crust,  such  as  could  not  be  invoked  for  the  post-Pro¬ 
terozoic  mountain  systems.  If  this  view  should  supply  a  compe¬ 
tent  explanation  for  the  world-wide  Archean  folding,  which  sug¬ 
gests  the  view  that  in  the  Proterozoic,  and  even  in  Archeozoic, 
time  the  crust  was  separated  into  masses  that  correspond  in  posi¬ 
tion  if  not  in  area  and  configuration  to  the  continents  of  Paleozoic 
and  more  recent  times. 

Eliminating  certain  younger  metamorphic  rocks  and  all  of  older 
rocks  infolded  in  Paleozoics,  the  large  areas  that  are  then  left, 
and  lend  themselves  to  our  inquiry,  are  the  greater  part  of  North 
America,  small  regions  of  South  America,  eastern  Europe,  north¬ 
ern  and  eastern  Asia,  all  inner  Africa  and  western  Australia. 
The  general  facts  gleaned  from  them  are  complemented  by  those 
obtained  from  the  unfolded  “islands”  or  blocks. 

The  most  important  of  these  areas  are  the  so-called  continental 
nuclei  of  North  America  (Canadian  shield),  Europe  (Baltic 
shield),  and  Asia  (Angara  shield).  An  intended  comparison  of 
their  principal  directions  of  folding  presupposes  essential  contem¬ 
poraneity  of  the  diastrophic  revolutions  they  have  undergone. 
This  has  been  established  by  the  correlations  carried  out  by  Adams, 
Sederholm,  and  Willis.  It  is  also  to  be  noted  that  evidence  of  a 
like  succession  of  eras  and  diastrophic  events  has  been  found  in 
most  of  the  other  regions  here  mentioned  as  being  amenable  to  our 
inquiry. 

The  source  for  this  inquiry  is  chiefly  Edward  Suess’  “The  Face 
of  the  Earth,”  where  there  is  not  only  a  large  store  of  information 
as  to  the  directions  of  Pre-Cambrian  rock-folding,  but  where  also 
the  facts  of  the  general  directions  of  Pre-Cambrian  folding  in  Asia 
and  eastern  Europe  are  clearly  set  forth.  Nevertheless  the  assemb¬ 
ling  of  the  full  data  on  Pre-Cambrian  folding,  which  will  be  given 
in  a  later  publication,  requires  laborious  search  through  a  widely 
extended  literature. 

With  these  introductory  remarks  we  may  briefly  survey  the  pre¬ 
liminary  results  ('which  undoubtedly  are  still  subject  to  important 
corrections)  as  to  the  arrangement  of  Pre-Cambrian  folds. 
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In  China,  Richthofen,  Pumpelly,  and  Willis  have  found  a  uni¬ 
form  northeast  direction  in  the  basement  complex,  which  was  com¬ 
pletely  folded  and  again  abraded  before  the  Cambric  submergence. 
This  northeast  direction  (the  Sinian  system  of  Richthofen  and 
Pumpelly)  continues  through  Korea,  and  Suess  has  shown  its 
complete  domination  in  all  northeastern  Asia  east  of  Lake  Baikal 
(his  “Baikal  direction’^),  which  is  eastnortheast-northeast.  This 
meets,  in  a  meridional  line,  the  “Sajan  direction”  of  Pre-Cambrian 
folds,  which  is  westnorthwest  to  northwest  and  prevails  west  of 
Lake  Baikal  through  all  northern  and  middle  Asia,  Russia  (Kar- 
pinski),  and  the  Baltic  shield,  the  latter  being  only  a  larger 
northern  exposure  of  the  Russian  Pre-Cambrian  plate.  The  latter 
extends  through  northern  Europe  much  disturbed  by  later  folding 
and  probably  abuts  against  the  Laurentian  plate  in  western  Scot¬ 
land. 

In  North  America  the  Canadian  shield  exhibits  in  its  eastern 
portion  a  uniform  northeast  direction  of  the  folds  (Adams  and 
Coleman).  This  direction  continues  through  Greenland  with  some 
variation  to  northnorthwest  along  the  coast  of  Labrador,  through 
Tertic  crustal  movements  (Adams),  and  it  is  even  recognizable 
on  the  western  edge  of  Scotland.  It  is  further  observed  in  several 
ways,  as  in  the  interlocking  northeast-southwest  bands  of  different 
gneisses,  shd’mng  ancient  folding  (Keith)  in  the  southern  exten¬ 
sion  of  the  Pre-Cambrian  basement  complex  in  the  Appalachian 
and  Piedmont  systems.  In  the  western  part  of  the  Canadian  shield,' 
north  of  Lake  Superior,  the  Pre-Cambrian  folds  have  assumed  an 
east-west  direction.  Likewise  the  outcrops  of  Pre-Cambrian  rocks 
south  of  Lake  Superior,  in  Wisconsion,  show  a  predominant  east- 
west  direction.  In  the  Ozark  Mountain .  Pre-Cambrian  nucleus, 
however,  a  northwest  direction  (strike  N  50° W)  is  already  recog¬ 
nizable;  likewise  in  the  Black  Hills  and  farther  south  in  the  Ar- 
buckle  uplift  in  Oklahoma  (strike  westnorthwest)  and  in  Texas, 
in  Burnet  County;  where  a  monadnock  of  the  ancient  Lauren¬ 
tian  land  projects,  with  a  northwest  strike  of  the  major  folds  in 
the  Pre-Cambrian  rocks.  In  the  southern  Rocky  Mountains  the 
Pre-Cambrian  masses  strike  from  south  to  north  but  exhibit  a 
tendency  to  turn  northnorthwest  to  northwest. 

It  thus  appears  that  there  can  be  recognized  in  the  Pre-Cambrian 
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base  of  North  America  a  uniform  structure  consisting  of  a  north¬ 
east  system  of  folds  in  the  east,  that  however  does  not  abut,  as  in 
Asia,  against  the  northwest  system,  but  gradually  swings  into  it. 

In  Africa  large  areas  of  the  Pre-Cambrian  basement  complex 
are  exposed  in  the  Sahara  Desert  and  south,  throughout  central 
Africa,  to  the  Red  Sea,  and  across  it  into  Arabia.  In  the  Sahara 
and  in  western  Africa,  as  far  as  the  Kalahari  Desert,  the  strike  of 
the  folds  is  reported  to  be  uniformly  north-south,  as  far  as  known 
today,  with  variations  in  the  east  to  northnorthwest.  Likewise  in 
West  Australia  the  direction  of  the  folded  areas  of  metamorphosed 
Pre-Cambrian  rocks  is  north-south  with  a  slight  trend  to  west; 
and,  as  far  as  we  could  find,  the  northerly  direction  is  also  present 
in  Madagascar  with  variations  to  northeast.  It  thus  appears  that 
there  was  a  third  immense  tract  of  uniform  Pre-Cambrian  folding 
extending  from  West  Africa  to  Australia. 

There  are  a  number  of  smaller  areas  of  Pre-Cambrian  rocks 
known  that  have  not  been  folded  since  Pre-Cambrian  time.  These 
are  in  Asia,  found  in  Cambodia,  Borneo,  and  India.  The  latter 
shows  in  the  Arvali  Mountains  Pre-Cambrian  folds  striking  north- 
northeast  (N  36°  E)  and  extending  within  65  kilometers  of  the 
Himalaya  Mountains,  which,  from  the  north,  have  overridden  the 
Pre-Cambrian  Mountain  system.  Farther  south  there  is  also  a 
younger  group  of  folds  with  east-west  direction.  These  Indian 
Pre-Cambrian  folds,  especially  as  seen  in  the  Arvali  Mountains, 
are  entirely*  distinct  from  the  Asiatic  system  and  probably  are 
referable  to  the  African  system.  There  is  likewise  in  Bohemia  a 
Pre-Cambrian  complex,  striking  northeast  for  the  most  part,  that 
is  independent  of  the  Russian  plate  and  the  Baikal  direction.  In 
America,  the  Colorado  mass,  exposed  in  the  Grand  Canyon  and 
south,  represents  a  body  of  Archean  and  Proterozoic  folds  with  a 
northeast  direction  and  distinctly  outside  of  the  Laurentian  system 
of  North  America. 

Close  relation  obtains  between  the  Pre-Cambrian  continent  and 
the  Paleozoic  ones.  From  a  survey  of  the  Pre-Cambrian  folding 
we  have  arrived  at  the  distinction  of  similar  units  for  Pre-Cam¬ 
brian  time,  namely,  (1)  the  North  American-Greenland  unit,  (2) 
the  Eurasian  unit,  (3)  the  African-Indian-Australian  unit.  South 
America  remained  undefined  as  a  unit  through  lack  of  evidence  of 
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original  Pre-Cambrian  folding,  but  the  Paleozoic  folds  of  the  east 
coast,  if  posthumous  in  character,  suggest  its  relation  to  the  Afri- 
can-Indian  unit. 

We  shall  now  compare  these  units,  which  we  have  considered 
as  Pre-Cambrian  continental  units,  with  the  Paleozoic  continents 
in  general  and  the  early  Cambric  continents  in  particular. 

Walcott  (1891)  has  published  the  first  map  of  North  America 
in  Early  Cambric  time,  on  which  the  principal  fact  of  the  wide 
extent  of  the  continent  and  of  the  presence  of  two  interior  conti¬ 
nental  seas  that  filled  the  two  long  troughs  in  the  east  and  west 
was  clearly  brought  out.  These  invasions  did  not  occur  along  the 
continental  margins  but  entered  the  continental  platforms.  Schu- 
chert  (1910)  has  through  the  accumulation  of  many  new  facts, 
mainly  by  Walcott,  improved  on  the  first  map,  and  Ulrich  (1910) 
has  lately  published  a  map  suggesting  that  the  long  arms  of  the 
sea  distinguished  by  Walcott  and  Schuchert,  were  much  more 
restricted  as  assumed  before,  and  the  eastern  arm  was  separated 
into  three  different  minor  invasions.  However  that  may  be,  all 
these  authors  agree,  according  to  their  maps,  in  the  assumption 
of  a  former  greater  extent  of  the  continent  in  early  Cambric  time. 
Schuchert  states  that  “from  the  extent  and  position  of  the  Lower 
Georgic  invasions,  it  is  inferred  that  the  North  American  continent 
was  larger  during  the  late  Proterozoic  than  at  any  subsequent 
period.”  There  is  no  doubt  that  North  America  extended  not  only 
considerably  to  the  east  of  the  Atlantic  states  in  “Appalachia,”  but 
also  in  Arcadia,  and  especially  in  the  far  northeast,  where  it 
reached  over  Greenland  to  Europe.  Holtedahl’s  map  extends  the 
Early  Cambric  continent  over  Iceland,  around  Scotland,  to  south¬ 
ern  Norway.  In  the  west  the  continent  also  reached  beyond  the 
boundaries  of  the  present  continental  mass,  as  is  evidenced  by  the 
absence  of  massive  Cambric  deposits  in  the  costal  regions. 

In  his  “Paleogeography  of  North  America,”  Schuchert  has 
repeatedly  pointed  out  that  the  Pre-Cambrian  era  closed  with  a 
great  continental  elevation.  He  states,  “Laurentide  revolution. — 
This  was  one  of  the  ‘critical  periods’  of  the  earth  when  the  seas 
were  withdrawn  from  North  America  for  a  very  long  time.  During 
this  interval,  of  which  only  the  later  or  eroding  portion  is  known, 
the  continent  was  larger  than  at  present,  possibly  as  great  as  at  the 
close  of  the  Paleozoic,  or  even  greater  than  at  that  time.” 
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In  its  general  form,  its  northeast  extension  across  the  northern 
Atlantic  and  its  eastward  extension  into  the  Atlantic,  this  early 
Cambric  continent  fully  agrees  with  the  Pre-Cambrian  continent 
inferred  by  us  from  the  trend  lines  of  the  Pre-Cambrian  folding 
and  foliation.  It  was  therefore  already  in  Cambric  time  a  conti¬ 
nental  mass  of  long  existence;  dating  back  even  into  Archeozoic 
time,  according  to  the  evidence  from  the  Archean  folds. 

As  a  perusal  of  Ulrich’s  and  Schuchert’s  authoritative  charts 
will  readily  show,  this  continent  has,  in  its  main  body,  persisted 
through  all  later  time  as  a  distinct  entity.  It  has  been  invaded  by 
epicontinental  seas  from  various  directions,  principally  the  four 
cardinal  directions,  but  has  frequently  again  emerged.  The  one 
great  exception  is  the  large  continental  extension  to  northern 
Europe  across  the  north  Atlantic.  This  mass  of  continental  size 
existed  as  an  undoubted  land-mass  until  Devonic  time,  where  as  the 
“Eria”  of  some  paleogeographers,  and  the  “Atlantis”  of  others,  it 
comprised  even  the  greater  part  of  Great  Britain,  Scandinavia,  and 
northern  Russia.  The  Atlantic  was  then  restricted  to  the  “Posei¬ 
don”  of  Schuchert,  whose  northern  boundary  extended  straight 
across  from  Labrador  to  middle  Ireland.  In  more  restricted  form 
Eria  can  still  be  traced  until  Triassic  time.  As  Holtedahl  points 
out,  this  part  of  the  crust  had  through  long  geologic  periods  the 
tendency  to  rise ;  but  like  the  eastern  part  of  Appalachia  it  has  now 
sunken  deeply.  Suess,  clearly  recognizing  the  connection  of  the 
Armorican  folds  in  the  Bretagne  with  the  Appalachian  folds  in 
America  —  with  their  northeast  bend  in  Gaspe  and  Newfoundland 
—  drew  the  northern  shore-line  of  the  Poseidon  along  this  sunken 
Devonic  mountain  range  and  derived  the  northern  Atlantic  Ocean 
from  the  breaking  down  of  the  Paleozoic  continental  mass  of 
“Atlantis.” 

We  see  in  the  great  unconformities  of  the  Pre-Cambrian  of 
North  America  and  Eurasia  strong  evidence  that  the  supposed  con¬ 
tinental  areas  responded  as  continental  units  not  only  to  the  orogenic 
forces  that  folded  them,  but  also  to  the  epeirogenic  forces  that  ele¬ 
vated  them  from  time  to  time.  While  the  continents,  according  to 
the  recent  investigations  of  isostasy,  are  composed  of  positive  and 
negative  elements  that,  owing  to  minor  diflferences  in  relative 
density,  act  more  or  less  independently,  they  seem  nevertheless  to 
have  formed  units  of  a  major  grade  that  reached  uniformly  in 
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times  of  greater  diastrophic  events.  This  is,  at  least,  strongly  urged 
by  the  evidence  of  the  great  widely  spread  Pre-Cambrian  uncon¬ 
formities  that  separate  the  different  formations,  both  here  and  in 
the  old  world. 

The  evidence  of  repeated  periods  of  wide  continental  elevation 
in  Pre-Cambrian  time  that  is  afforded  by  the  major  unconformities 
is  corroborated  by  the  recognition  of  Proterozoic  glaciation,  not 
only  on  the  Canadian  shield,  but  also  in  Scotland,  the  Baltic  shield. 
South  Africa,  India,  South  China,  South  Australia,  and  Tasmania. 

The  great  Pre-Cambrian  continental  mass  of  the  southern  hemi¬ 
sphere  which  the  Pre-Cambrian  folding,  by  its  continuous  north- 
south  folding,  indicates  to  have  extended  from  Africa  over  Mada¬ 
gascar  to  Middle  Australia  and  East  India  —  and  if  the  folds  of 
eastern  Brazil  and  eastern  Australia  are  posthumous  in  character, 
also  to  these  regions  —  is  the  evident  ancestor  of  the  great  Gond- 
wanaland.  Gondwanaland  had  its  most  glorious  geologic  period 
in  Carbonic  to  Triassic  times  when  it  extended,  as  a  separate 
continental  mass,  from  western  South  America  across  Africa  to 
South  Asia  and  beyond  Australia.  This  vast  continent  with  its 
characteristic  flora  and  glacial  period  reached  in  Permian  time 
in  east-west  direction  two-thirds  around  the  world.  It  broke 
down  in  the  middle,  where  the  Indian  Ocean  now  is,  in  Jurassic 
time,  and  Africa,  East  India,  Australia  and  a  large  portion  of 
South  America  are  its  remnants. 

Clarke  has  shown  that  Gondwanaland  existed  in  Devonic  time, 
but  was  then  connected  with  Antarctica,  and  has  therefore  pro¬ 
posed  the  name  “Falklandia”  for  this  earlier  continental  mass. 

The  evidence  from  the  uniform  direction  of  the  Pre-Cambrian 
folds  proves,  in  our  view,  that  like  the  two  northern  continental 
segments,  also  the  southern  unit  Gondwana  was  inherited  from 
Pre-Cambrian  time  and  persisted  throughout  Paleozoic  time;  for 
the  Cambric,  Ordovicic  and  Siluric  periods  were  clearly  such  of 
land  and  of  epicontinental  seas  over  the  three  southern  continents. 
This  is  indicated  principally  by  the  total  absence  of  their  rocks 
over  most  of  these  three  continents  of  today;  or  where  the  rocks 
are  present,  by  their  fossil  and  lithic  facies.  Parts  may  have  been 
temporarily  invaded,  as  central  Australia  and  a  large  part  of  the 
present  Indian  Ocean,  during  Cambric  time,  but  such  facts  as  the 
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distribution  of  the  Gangamopteris  (Glossopteris)  flora,  together 
with  the  widely  spread  glacial  beds,  call  for  a  vast  Permian  conti¬ 
nent  extending  from  South  America  to  Australia. 

We  believe  to  have  advanced  evidence  from  at  least  three  mu¬ 
tually  independent  sources  that  there  undoubtedly  existed,  at  the 
end  of  Pre-Cambrian,  and  quite  surely  also  far  back  into  Archean 
time,  three  immense  tracts  of  super-continental  size  upon  the  earth 
that  behaved  like  continental  segments  or  units  in  their  reaction 
to  orogenic  and  epeirogenic  forces,  to  marine  invasions  and  in  the 
character  of  their  sediments.  We  have  designated  these  tracts 
as  arch-continents  to  indicate  their  ancestral  relation  to  the  later 
and  the  present  continents.  In  order  to  emphasize  more  fully  this 
important  relation  and  at  the  same  time  give  expression  to  these 
differences  in  size  and  outline  that  distinguish  them  from  their 
Paleozoic  descendants,  we  propose  to  add  the  prefix  “Arch”  to  the 
names  of  the  continental  masses  which  later  appear  in  their  place. 
We  will  then  have  the  three  primeval  continental  masses  of  Arch- 
Eurasia,  Arch- America  and  Arch-Gondwana.  Each  of  these  arch¬ 
continents  contain  certain  nuclei,  or  shields,  which  are  positive 
elements  that  remained  undisturbed  from  later  folding  and  more  or 
less  also  from  transgressions.  These  are  the  Baikal  shield,  or  the 
ancient  Angaraland  of  Asia,  the  Baltic  shield  of  Europe  and  the 
Laurentian  shield  of  America.  Nearly  the  whole  of  Africa,  the 
“Brazilian  mass”  and  West  Australia  hold  similar  positions  of 
areas  that  remained  relatively  undisturbed. 

It  may  in  time  become  desirable  to  distinguish  the  continental 
masses  in  their  changing  outlines  in  the  different  periods  by  sep¬ 
arate  names.  Clarke  has,  in  recognition  of  the  confusion  possible 
from  retaining  one  name  for  a  changing  continental  mass,  proposed 
the  name  “Falklandia”  for  the  Devonic  representative  of  Gond- 
wanaland,  because  it  was  connected  with  Antarctica.  We  do  not 
know  whether  the  Pre-Cambrian  ancestor  of  Falklandia  and  Gond- 
wana  was  in  any  way  connected  with  Antarctica,  and,  therefore, 
can  not  properly  use  the  name  Falklandia  for  the  still  earlier  de¬ 
velopment  of  the  continent.  It  may  be  suggested  that  such  stages 
could  be  distinguished  by  prefixing  the  name  of  the  period  to  the 
continuous  land  mass,  as  Siluro-America  and  Cambro-Eurasia,  re¬ 
taining  the  names  Eurasia,  America  and  Gondwana  for  the  three 
arch-continental  masses,  here  described. 
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We  have  seen  that  the  latitudinal  extension  of  the  Pre-Cambrian 
continents  was  preserved  with  remarkable  persistence  through 
Paleozoic  time.  The  series  of  charts  given  in  another  connection 
show  at  a  glance  this  persistent  character  of  the  large  primeval 
continental  masses.  The  chart  of  Late  Triassic  time,  still  clearly 
brings  out  the  same  original  latitudinal  direction  of  the  continents. 
In  the  Jurassic  period,  however,  the  Indian  Ocean  became  definite¬ 
ly  established  by  the  foundering  of  a  large  portion  of  eastern  Gond- 
wana ;  and  in  Tertic  time  the  Atlantic  Ocean  finally  extended  south¬ 
ward  between  Africa  and  South  America  and  connected  with  the 
Antarctic  Ocean.  As  a  result  of  these  fracturings  of  the  old  con¬ 
tinental  masses  the  continents  of  the  present  day  with  their  pre¬ 
dominating  longitudinal  extension  were  formed. 

It  would,  then,  seem  that  the  Pre-Cambrian  continental  outlines 
are  lost  in  the  present  configuration  of  the  surface  of  the  earth. 
Nevertheless  there  is  good  evidence  that  the  old  boundary  lines  of 
the  original  Pre-Cambrian  continents  continue  to  exist  as  distinct 
features  in  the  framework  of  the  earth. 

A  comparison  of  the  original  “central  massives,''  or  nuclei,  and 
also  the  present  mobile,  or  earthquake,  tracts  (together  with  the 
tracts  of  Tertic  folding),  with  charts  of  the  Pre-Cambrian  and 
Paleozoic  continents  brings  out  readily  the  fact  that  these  mobile 
tracts,  in  a  most  remarkable  manner,  pass  along  the  supposed 
boundaries  between  the  Pre-Cambrian  continents  as  we  have  es¬ 
tablished  them  by  the  Pre-Cambrian  fold  directions  and  other  evi¬ 
dence.  This  is  especially  clear  in  the  case  of  the  boundary  be¬ 
tween  Eurasia  and  Gondwana. 

The  earthquake  tracts  distinctly  form  a  latitudinal  belt  (also 
known  as  “Libbey’s  circle”)  around  the  earth,  separating  North 
and  South  America,  traversing  the  middle  Atlantic  and  separating 
first  Eurasia  from  Africa  and  then  from  the  other  Gondwana  ele¬ 
ments  (India,  Arabia  and  western  Australia)  and  reaching  again 
across  the  middle  Pacific  to  Central  America. 

Another  belt  follows  the  eastern,  northern  and  western  bound¬ 
aries  of  the  Pacific  Ocean.  It  seems  to  be  completed  by  the  Ant¬ 
arctic  seismic  regions.  There  are  further  known  independent 
shorter  longitudinal  tracts  in  the  Atlantic  and  Indian  oceans,  that 
indicate  that  the  forces  active  along  the  later  zones  of  fracturing 
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which  led  to  the  breaking  down  of  the  eastern  part  of  the  old 
“Atlantis,’'  and  the  separation  of  Gondwana  into  three  continental 
portions,  have  not  yet  become  extinct. 

When  we  go  backward  from  Recent  and  Tertic  times  to  the 
Mesozoic  age,  we  find  in  the  geosynclines  as  reconstructed  by  Haug 
for  that  era,  an  expression  of  the  same  mobile  tracts,  with  the  addi¬ 
tion  of  a  northern  loop  separating  Asia  and  Europe. 

Finally  the  paleogeographic  maps  of  the  Paleozoic  era  clearly 
show  that  these  same  belts  were  also  the  tracts  along  which  the 
principal  movements  of  the  seas  and  the  separation  of  the  conti¬ 
nents  took  place  in  Paleozoic  time  as  is,  for  instance,  well  seen  by 
following  the  paleogeographic  history  of  the  Tethys. 

There  existed,  however,  in  Paleozoic  time  still  another  important 
geosynclinal,  folded  and  undoubtedly  also  seismic  belt,  namely, 
that  which  extended  from  Scandinavia  through  Caledonia  in  Pre- 
Devonic  time,  and  from  Germany,  France  and  southern  England 
(Variscan  system)  in  Devonic  time  to  North  America  (Newfound¬ 
land  and  Appalachian  system).  This  belt,  which  is  now  entirely 
inactive,  developed  along  the  boundary  of  Arch- America  (Laur- 
entia)  and  Archi-Eurasia,  and  also  marks  the  boundary  of  the 
eastern  portion  of  Arch-America  and  the  old  Poseidon  (Archi- 
Atlantic)  between  America  and  Europe  and  probably  also  that  be¬ 
tween  the  old  “Atlantis,”  or  “Eria,”  and  the  Arctic  Ocean  in  the 
north.  This  ancient  mobile  tract  has  become  submerged  in  the 
greater  event  of  the  foundering  that  led  to  the  formation  of  the 
North  Atlantic,  and  that  has  produced  a  new  mobile  tract,  inter¬ 
secting  the  old  one  at  nearly  right  angles. 

From  these  facts  we  believe  that  there  is  little  doubt  that  the 
principal  mobile,  seismic  belts  of  the  present  earth,  in  their  general 
direction,  still  retain  the  fundamental  boundary  lines  of  the  prim¬ 
eval  continents  and  oceans.  These  principal,  still  active,  belts  arc 
the  latitudinal  (Libbey’s)  belt  and  the  circum-Pacific  belt.  The 
trans-Atlantic  belt  of  Paleozoic  time,  connecting  Europe  and  the 
Appalachian  geosyncline  has  become  extinct;  and  new  belts  that 
originated  later  are  the  longitudinal  belts  of  the  Atlantic  and  In¬ 
dian  oceans. 

We  have  described  the  uniform  direction  of  the  Pre-Cambrian 
folding  over  vast  eras;  and,  assuming,  as  a  working  hypothesis. 


POSITIONS  OF  ANCIENT  CONTINENTS  377 


that  this  wide  parallelism  of  the  trend  lines  over  these  immense 
tracts  indicates  a  uniform  reaction  of  the  latter  as  units  to  orogenic 
forces  and  thereby  proves  their  character  of  entities  in  the  frame¬ 
work  of  the  earth  we  have  acclaimed  these  large  units  as  primeval, 
or  arch-continents.  By  comparing  their  location  and  general  form 
with  that  of  the  early  Cambric  continents,  as  well  as  by  considering 
the  character  of  the  Pre-Cambrian  sediments  we  have  shown  that 
this  tentative  inference  of  the  continental  character  of  the  large  uni¬ 
formly  folded  areas  is  well-supported  by  independent  evidence. 

The  question  of  the  cause  of  this  world-wide  Pre-Cambrian  fold¬ 
ing  and  the  interlocking  one  of  the  significance  of  the  directions  that 
the  folding  exhibits  in  different  segments  of  the  earth,  arise  as  a 
natural  sequence  of  the  study  of  the  parallelism  of  the  trend  lines ; 
but  their  solution  is  not  of  critical  importance  for  the  problem  of 
the  Pre-Cambrian  continents;  the  recognition  of  the  latter  being 
simply  based  on  the  grand  arrangements  of  the -trend  lines  as  indi¬ 
cating  segmental  units  of  a  continental  order  of  magnitude.  Never¬ 
theless,  the  direction  of  the  Pre-Cambrian  trend  lines  is  so  inti¬ 
mately  connected  with  that  of  the  major  axes  of  extension  and  the 
distribution  of  the  arch-continents  that  it  seems  proper  to  inquire 
into  the  probable  causes  of  the  world- wide  Pre-Cambrian  folding 
that  are  suggested  by  the  trend  lines ;  an  inquiry  that  had  to  be  post¬ 
poned  until  the  folding  itself  had  been  traced  over  the  earth  and 
its  general  trend  lines  recognized. 

The  Pre-Cambrian  world-wide  folding  may  be  due  to  one  or 
several  of  three  groups  of  causes.  It  may  have  originated  as  ( 1 ) 
local  folding  by  terrestrial  forces  that  persisted  through  immense 
intervals  of  time  and  gradually  involved  the  whole  earth,  (2)  simul¬ 
taneous  world-wide  folding  by  terrestrial  forces,  (3)  world-wide 
folding  by  cosmic  forces.^  , 

1  These  phases  of  the  discussion  as  well  as  others  are  more  fully  treated  than  is 
possible  here,  in  the  author’s  “Existence  and  Configuration  of  Pre-Cambrian  Continents,” 
in  the  Bulletin  of  the  New  York  State  Museum,  Numbers  239  and  240,  pages  65  to 
132,  1922. 
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SOUTHERNMOST  EXTENSION  OF  KANSAS  TILLS" 

By  Prof.  Walter  H.  Schoewe 
Kansas  State  University 

The  line  marking  the  position  of  the  maximum  advance  of  the 
Kansan  ice-sheet  in  northeastern  Kansas  has  been  established  by 
investigators  at  various  places,  lying  either  north  or  south  of  the 
Kansas,  or  Kaw,  River.  The  early  maps  of  Hay,^  and  Cham¬ 
berlin  and  Salisbury  ^  show  the  drift  border  as  being  south  of 
the  river  and  extending  as  least  as  far  south  as  38°  50'  north  lati¬ 
tude. 

Of  the  more  recent  work,  that  done  by  J.  E.  Todd  ^  not  only 
represents  the  latest  but  also  the  most  thorough.  This  investi¬ 
gator  locates  the  edge  of  the  Kansan  ice-sheet  as  lying  north 
of  the  Kansas  River  valley  from  a  point  midway  between  Le- 
compton  and  Lawrence  to  Kansas  City.  This  line  separating  the 
glaciated  from  the  unglaciated  area  in  Kansas  is  essentially  the 
one  adopted  by  the  Kansas  Geological  Survey  and  published  by 
R.  L.  Moore  on  its  more  recent  map.® 

The  existence  of  erratics  and  exposures  of  what  appeared  to 
be  till  was  first  called  to  the  writer’s  notice  some  time  ago  when 
passing  hurriedly  through  eastern  Douglas  County  in  a  car.  The 
presence  of  the  familiar  red  quartzites  so  numerous  around  Law¬ 
rence  aroused  no  special  surprise  as  these  are  indicated  in  the 
literature  of  the  region.  Not  so,  however,  with  the  till-like  expo¬ 
sures,  especially  since  no  typical  till  was  known  to  exist  nearer 
Lawrence  than  ten  miles  north.  The  nearest  outcrop  to  the 

1  Paper  read  before  the  Iowa  Academy  of  Sciences  at  the  Des  Moines  Meeting,  1922. 

2  Eighth  Bien.  Rept.  Kansas  State  Board  of  Agriculture,  1892. 

3  Preliminary  paper  on  Driftless  Area  to  Upper  Mississippi  Valley,  U.  S.  Geol.  Surv., 
6th  Ann.  Rept.,  1885. 

4  Trans.  Kansas  Acad.  Sci.,  Vol.  XXVIII,  pp.  33-47,  1917. 

5  Outline  Map  showing  Distribution  of  the  Quarternary  Deposits  of  Kansas:  Kan¬ 
sas  Geol.  Surv.,  Bull.  6,  p.  82,  1860. 
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Kansas  River  is  according  to  Todd  in  the  vicinity  of  Linwood 
and  Lenape.®  Opportunity  presented  itself  later  for  a  detailed 
investigation  of  several  of  these  deposits.  The  exposures,  which 
are  all  in  Douglas  County  and  from  three  to  seven  miles  south  of 
Eudora,  are  interpreted  by  the  writer  as  being  till. 

The  three  chief  outcrops,  all  of  which  are  in  road-cuts,  are 
located  as  follows : 

(1) .  SW.  cor.  NW.  %  Sec.  21,  R.  21  E.,  T.  13  S. 

(2) .  SW.  cor.  Sec.  9,  R.  21  E.,  T.  14  S. 

(3) .  mile  east  of  exposure  (2). 


MAP  SHOWING  THE  EXTENT  OF  GLACIATION  IN  THE 
southeastern  PART  OF  NORTHEASTERN  KANSAS 


Figure  13 

The  material  at  these  places  is  exposed  in  road-cuts  from  100 
to  200  feet  long  and  about  three  feet  deep.  In  all  cases  the  drift 
is  composed  of  a  brown,  more  or  less  sandy,  often  sticky  clay 
material,  thoroughly  leached  and  containing  numerous  pebbles 
and  boulders.  Some  stratification  is  at  places  in  evidence.  The 
coarse  materials  consist  chiefly  of  red  quartzites,  well-decayed 
granites,  brown  to  white  cherts,  gneisses,  schists  and  sandstones. 
In  size,  the  pebbles  average  less  than  one  half  of  an  inch  in 

6  Trans.  Kansas  Acad.  Sci.,  Vol.  XXVIII,  pp.  35,  44,  1917. 
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diameter.  The  larger  boulders,  which  are  more  numerous  at  ex¬ 
posure  2,  measure  over  one  foot  in  diameter  and  consist  for  the 
most  part  of  red  Sioux  quarzite. 

In  all  cases  the  till  is  exposed  on  gentle  slopes  leading  down  to 
young  valleys.  A  loess-like  silt  covers  the  till-like  materials  in 
most  places,  and  in  some  instances  small  pebbles  of  quartzite,  chert 
and  quartz  are  included  in  the  overlying  cover.  The  immediate 
country  is  relatively  flat  with  few  shallow  valleys  cut  in  it.  Be¬ 
cause  of  this  topography  exposures  are  very  few  and  in  most 
cases  nothing  but  the  silt-like  material  appears  at  the  surface. 

To  account  for  the  presence  of  these  deposits  several  interpre¬ 
tations  are  presented: 

1 .  The  material  is  in  situ,  having  been  deposited  by  the  Kansan 
ice-sheet  which  advanced  farther  south  than  is  indicated  by  the 
position  of  the  mapped  glacial  border  according  to  Todd. 

2.  The  material  is  in  situ,  having  been  deposited  by  a  tongue 
of  the  main  ice-mass  rather  than  by  the  ice-sheet  itself. 

3.  The  material  is  not  in  situ,  having  been  brought  to  its  present 
position  by  debris-laden  ice-bergs  floating  on  a  lake  or  in  the 
current  of  a  stream  or  having  been  deposited  as  outwash. 

4.  The  till-like  deposits  are  associated  with  Nebraskan  gla¬ 
ciation. 

According  to  the  hypothesis  that  the  county  south  of  the  Kansas 
River  is  glaciated,  the  Kansan  ice-sheet  crossed  the  valley  of 
Kansas  River  and  advanced  southward  at  least  as  far  as  the 
two  southermost  outcrops.  The  deposits,  therefore,  represent  till 
in  situ.  Whether  the  entire  ice-mass  crossed  the  valley,  is  difficult 
to  determine  with  the  knowledge  at  hand.  Insufficient  exposures 
and  lack  of  thorough  investigation  up  to  the  present  time  make  it 
impossible  to  come  to  definite  conclusions.  To  the  writer  it  is 
^  not  at  all  unlikely  that  the  region  south  of  the  Kaw  valley  has 
been  actually  glaciated.  The  topography  is  flat,  the  slopes  are 
gentle,  hence  exposures  are  few.  What  lies  below  the  general 
silt-like  covering  has  never  been  determined.  Like  the  Iowan 
ice-sheet,  the  edge  of  the  Kansan  ice-sheet  was  undoubtedly  thin 
and  more  or  less  sluggish,  as  the  thickness  of  the  till  where  known 
north  of  Kansas  River  is  relatively  thin  and  patchy  having  been 
made  more  attenuated  by  post-Kansan  erosion.’’  According  to 


7  L,oc.  cit.,  p.  35. 
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Todd  “Only  scattered  boulders  can  now  be  found,  where  till 
patches  may  have  once  been  a  few  feet  in  thickness.”  ® 

In  view  of  the  fact  that  the  till  in  Kansas  is  in  general  thin  and 
patchy,  the  topography  flat,  and  the  exposures  few,  it  is  not  un¬ 
reasonable  to  believe  that  careful  and  detailed  search  may  favor 
the  hypothesis  that  the  Kansan  ice-sheet  extended  farther  south 
than  the  Kansas  Valley. 

The  outcrops  of  till  do  not  necessarily  imply  that  the  entire 
glacier  invaded  the  region  south  of  the  Kansas  River  valley,  but 
that  there  was  a  lobate  extension  of  the  Kansan  ice-sheet  south  of 
Linwood  and  Lenape.  The  deposits  can  readily  be  accounted 
for  by  the  deposition  of  a  glacier  lobe  which  pushed  its  way  far¬ 
ther  to  the  south  than  did  the  main  mass  of  ice.  As  indicated  by 
Todd  “There  is  some  evidence  that  the  ice-sheet  in  Kansas  was 
more  or  less  lobular  in  form,  or  at  least  after  it  passed  over  the 
divide  into  the  Kansas  Valley.  One  lobe  passed  down  *  *  *  * 
the  Big  Stranger  Creek  to  Linwood  and  Lenape.”  ®  It  is  apparent 
from  the  map  (figure  13),  that  the  exposures  of  the  glacial  mater¬ 
ials  are  in  almost  direct  north  and  south  alignment  with  Big 
Stranger  Creek  and  the  town  of  Linwood.  May  it  not  be  that 
the  lobe  referred  to  above  extended  farther  to  the  south  than 
suggested  by  Todd.  The  position  of  the  outcrops  in  relation  to 
Big  Stranger  Creek  and  Linwood  certainly  is  very  suggestive. 

Before  finally  accepting  the  view  set  forth,  more  detailed  search 
would  be  necessary,  as  the  apparent  alignment  of  the  outcrops 
with  the  Linwood-Lenape  lobe  may  be  due  to  accidental  discovery 
of  the  exposures  rather  than  to  actual  conditions.  Further  search 
may  reveal  other  till-like  deposits  south  of  Kansas  River. 

Concerning  debris-laden  ice-bergs  and  outwash,  the  finding  of 
erratics  still  farther  south  than  the  described  till-like  exposures 
and  the  recording  by  Mudge  of  erratic  pebbles  as  far  south  as  38® 
north  latitude  may  be  due  to  glacio-fluvial  action  as  intimated 
by  Chamberlin  and  Salisbury,  or  marginal  lake  conditions.  Todd 
has  located,  mapped  and  described  several  marginal  glacial  lakes 
and  several  drift-filled  channels,  one  of  which  is  southeast  of 
Lawrence.^^ 

8  Loc.  cit.,  p.  35 

9  Loc.  cit.,  p.  44. 

10  Fourth  Kept.  Kansas  State  Board  of  Agriculture,  p.  109,  1875. 

11  Sixth  Ann.  Rept.,  U.  S.  Geol.  Surv.,  p.  314,  1885. 

12  Trans.  Kansas  Acad.  Sci.,  Vol.  XXVIII,  p.  41,  1917. 
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The  till-like  character  of  the  deposits  tends  to  argue  against  their 
being  outwash  materials.  It  is  possible,  although  not  probable, 
that  the  deposits  owe  their  position  to  the  melting  and  depositing 
of  debris-laden  ice-bergs  which  floated  either  on  a  marginal  lake 
or  else  in  the  current  of  a  glacial  stream.  That  ice-rafted  bould¬ 
ers  are  common  is  known  to  all  glacial  geologists.  Till-like  de¬ 
posits  having  a  similar  mode  of  origin  are  questionable,  or  at 
least  none  are  on  record  so  far  as  known  to  the  writer. 

A  fourth  explanation  of  the  till-like  deposits  is  that  they  repre¬ 
sent  pre-Kansan,  or  Nebraskan,  drift  material.  The  material  is 
thoroughly  weathered,  is  thin,  appears  to  be  patchy,  and  is  found 
on  the  higher  elevations,  all  of  which  facts  point  strongly  to  the 
presence  of  a  very  old  drift-sheet.  However,  these  characterictics 
also  apply  equally  well  to  the  Kansan  drift  as  to  the  Nebraskan 
drift.  Sufficient  time  has  elapsed  since  the  deposition  of  the  ma¬ 
terial  for  its  thorough  weathering  and  erosion.  The  Nebraskan 
drift  is  not  yet  reported  to  appear  at  the  surface  anywhere  within 
the  limits  of  Kansas,  and  according  to  Todd,  there  are  no  evidences 
that  the  Nebraskan  ice  ever  invaded  Kansas. 

Although  no  definite  conclusions  regarding  the  origin  of  the 
described  deposits  can  be  made  at  the  present  time  it  is  obvious 
that  in  a  region  as  this,  located  in  the  zone  of  maximum  exten¬ 
sion  of  an  ice-sheet,  occupied  by  the  next  to  the  oldest  ice  invasion, 
subjected  to  a  very  long  period  of  weathering  and  erosion,  and 
cut  up  at  its  most  critical  places  by  a  wide  valley,  evidences  of 
past  glaciation  must  necessarily  be  greatly  obscured.  Only  by  the 
most  detailed  investigation  can  the  exact  position  of  the  Kansas 
ice-sheet,  and  the  Glacial  history  of  the  region  be  worked  out. 
It  is  to  the  unendless  zeal  and  scientific  spirit  of  that  pioneer  ex¬ 
plorer,  Professor  Todd  of  the  State  University  of  Kansas,  that 
we  owe  much  of  our  present  knowledge  of  the  Pleistocene  of 
northeastern  Kansas. 
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GLACIAL  DRIFT  SHEETS  IN  MINNESOTA 

By  Dr.  Frederick  W.  Sardeson 
Minneapolis,  Minnesota 

It  has  taken  fifty  years  for  geologists  to  bring  our  knowledge 
of  glacial  drift  to. such  a  condition  that  the  Pleistocene  Glacial 
history  of  Minnesota  may  be  described  in  terms  that  are  concise 
and  simple  enough  to  be  of  interest  to  all.  Recent  field-work  by 
Frank  Leverett,  the  results  of  which  are  already  published  in 
part,  leaves  few  problems  in  Minnesota  not  solved  and  simplified. 
The  evidence  of  glaciers  in  the  state  is  complex.  A  small  part  of 
the  area,  or  less  than  one  per  cent  of  the  surface,  is  not,  or  has 
not  at  any  time  been,  covered  by  Glacial  drift.  That  small  part 
lies  in  the  extreme  southeast  corner,  and  belongs  to  the  so-called 
Driftless  Area. 

This  Driftless  Area  lies  mainly  in  Wisconsin,  and  is  so  called 
because  of  the  fact  that  it  is  completely  surrounded  by  areas  of 
bouldery  drift,  but  is  itself  free  from  all  drifted  materials,  ex¬ 
cepting  those  of  gravel  and  sand  swept  down  by  the  rivers,  and 
sand  or  dust  deposits  swept  from  the  valleys  by  the  winds  onto  the 
hills.  Aside  from  the  Driftless  Area,  the  surface  of  Minnesota 
has  been  covered  by  glaciers  one  or  more  times,  and  has  from 
one  to  two,  three  of  four  bouldery  drift-sheets  in  evidence  of 
them  in  different  parts. 

The  last  time  or  stage  of  Glacial  action  in  Minnesota  covered 
also  the  greater  part  of  the  State  as  shown  on  the  accompanying 
sketch  (plate  xxxiv),  so  that  the  evidences  of  former  stages 
have  to  be  described  in  part  from  drift  remnants  that  lie  under 
this  last  complex  of  drift  materials.  Early  drift  stages,  however, 
had  wider  glaciation  even  than  this  last  one,  so  that  some  surface 
area  lies  within  the  boundaries  of  Minnesota. 
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In  referring  to  the  several  drift  sheets  of  Minnesota,  the  term 
“old  drift”  has  been  used  for  the  glacial  deposits  that  were  first 
in  the  earth’s  history,  and  “young  drift”  for  that  which  is  later. 
The  “old”  or  old-looking  drift  belongs  to  several  glacial  stages, 
while  the  “young”  or  younger-looking  drift  belongs  all  to  one 
stage,  the  Wisconsin  stage  by  name.  Soonest  disposed  of,  the 
simpler  the  descriptions,  as  to  oldest,  old  and  young  drift-sheets, 
their  names,  in  order  of  age,  Nebraskan,  Kansan,  Illinoian, 
Iowan  (?)  and  Wisconsin,  may  now  be  used  consistently  for  the 
drifts  and  Glacial  stages  in  Minnesota,  and  these  titles  also  are 
more  convenient. 

So  it  is  also  for  the  terms  “red”  and  “gray”  drifts.  That 
Glacial  drift  that  came  from  northeast  (Labrador),  and  that  from 
the  north  (Patricia)  are  “red;”  while  that  which  came  from  north¬ 
west  (Kewatin)  is  “gray.”  There  are  two  “old  gray,”  and  one 
“young  gray”  drift-sheets;  and  one  “old  red”  and  two  “young 
red”  drift-sheets  involved  in  Minnesota,  so  that  it  is  simplest  to 
keep  in  mind  the  terms  Labradorian,  Patrician  and  Kewatin,  for 
description  of  them  as  to  the  direction  of  their  coming  both  for 
the  glaciers  and  the  deposits  that  the  latter  made. 

The  earliest  understanding  of  the  Driftless  Area,  as  one  that 
was  completely  surrounded  by  glaciers  at  one  time  by  their  coming 
from  the  north  and  closing  in  around  it  so  as  to  meet  on  the  south, 
has  now  given  way  to  the  simpler  understanding  that  glaciers 
come  up  to  that  Area  first  in  the  west  and  north.  At  later  stages, 
glaciers  came  up  to  it  on  the  east  and  south.  At  no  time  was  there 
an  impassable  barrier  of  ice,  or  drift,  to  stop  rivers  from  the 
Driftless  Area  from  discharging  south.  At  no  time  were  animals 
and  plants  shut  in  from  their  fellows  in  the  temperate  climate  to 
the  south.  No  reason  remains  for  considering  this  Driftless  Area 
as  a  special  problem,  but  all  matters  relating  to  the  drift  around 
it  are  similar  to  those  elsewhere.  The  Upper  Mississippi  River 
is  thus  similar  to  the  Missouri  and  the  Ohio  rivers  as  to  Glacial 
history.  Some  unsolved  problems  remain  in  relation  to  each  of 
the  Glacial  stages,  but  these  are,  simple  so  far  as  concerns  the 
drift  deposits  of  Minnesota.  They  are  comparable  to  the  difficulty 
of  seeing  in  the  dark,  the  evidence  is  obscure,  and  artificial  lights 
have  too  much  color  variance.  The  unsolved  problems  may  be 
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simply  explained  in  a  historical  account  of  progress  in  finding 
crucial  evidence  relating  to  the  drifts  generally  of  Minnesota. 

It  appears  that,  in  the  extreme  southeast  corner  of  Minnesota, 
three  glaciers,  each  carrying  “gray”  drift,  came  in  succession,  and 
that  each  stopped  short  of  the  full  extent  of  the  previous  one. 
On  top  of  each  of  these  three  glacial  sheets  there,  peat  beds  are 
found,  so  as  to  prove  interglacial  and  post-Glacial  time  and  con¬ 
ditions  —  the  peat  being  local  and  occurring  where  one  sheet  over- 
lies  another.  This  is  essentially  the  view  taken  of  that  part  of  the 
field  by  N.  H.  Winchell  ^  and  there  is  still  no  evidence  to  disprove 
his  interpretation  of  it. 

Winchell  had  found  Houston  County  (No.T,  PI.  xxxiv),  free 
from  bouldery  drift,  and  likewise  much  of  Winona  County  (No. 

2)  ;  but  Fillmore  County  (No.  3)  had  a  belt  of  drift  patches,  or 
thinly  scattered  drift,  across  the  greater  part  of  it,  while  the  “great 
drift  sheet,”  or  thick  drift  (Kansan),  was  found  at  the  west  end 
of  the  County.  The  thin  drift  patches  in  Fillmore  County  (No. 

3)  “present  the  appearance  of  greater  age  than  the  drift  of  the 
western  portion  of  the  county,”  as  Winchell  thought,  and  he  found 
further  that  peat  beds  there  and  in  lower  Mower  County  (No.  5) 
lie  under  the  thicker  “old”  drift,  and  on  the  eroded  surface  of 
the  thin  “older”  drift  sheet.  There  need  be  no  doubt  that  where 
peat  beds  divide  the  drift,  as  is  often  found  in  wells  of  that  re¬ 
gion,  the  “older”  is  the  Nebraskan,  and  the  “old”  is  the  Kansan 
of  later  parlance,  but  the  thin  scattered  border  drift  is  made  into 
a  special  problem. 

At  the  time  of  Chamberlin  and  Salisbury’s  description  of  the 
Driftless  Area,^  the  problem  in  Minnesota  of  distinguishing  the 
Pleistocene  Glacial  drift  from  debris  of  other  formations  at  the 
surface  was  found  to  be  simple  in  its  solution.  Greenstones,  quart¬ 
zites,  and  quartz,  in  large  pebbles  and  boulders  were  easily  recog¬ 
nized  as  not  coming  from  the  local  limestones  and  sandstones  of 
southeast  Minnesota.  Such  stones  belonged  to  the  Drift.  Cer¬ 
tain  small  pebbles  of  that  kind  might  in  fact  belong  to  the  stream- 
deposited  gravels  of  the  Cretacic  age  that  lie  on  the  uplands,  but  the 
large  pebbles  and  boulders  were  there  as  evidence  of  glaciers. 
With  criteria  of  this  kind,  the  authors  mentioned  found  in  south- 

1  Minnesota  Geol.  and  Nat.  Hist.  Surv.,  Vol.  I,  pp,  311-313,  1884. 

2  Sixth  Ann.  Rep.,  U.  S.  Geol.  Surv.,  pp.  205-322,  1885. 
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east  Minnesota,  from  east  to  west,  a  driftless  strip  of  country,  a 
“pebbly  border  of  earlier  drift,”  a  belt  of  “earlier  drift  sheets,” 
and  the  “later  drift  sheets,”  This  last  was  the  Wisconsin  Drift, 
the  edge  of  which  is  a  few  miles  west  of  Austin,  Mower  County 
(No,  5),  at  the  south  in  Minnesota.  The  “earlier  drift  sheets” 
were  recognized  as  separable  into  two  parts  by  peat  beds.  These 
authors  reserved  their  opinion  (p.  265  and  274),  however,  as  to 
whether  the  thin,  outer  border  of  drift  represented  the  first  or  the 
second  of  the  two  drifts.  Therein  arose  a  problem  that  is  not 
settled  to  this  day. 

—  It  is  a  well  established  fact  that  both  Nebraskan  and  Kansan 
stages  are  represented  by  drift-sheets  laid  down  by  glaciers  in 
Minnesota  that  covered  the  whole  state  excepting  the  small  area 
in  southeastern  part,  as  described.  The  Wisconsin  stage  is  repre¬ 
sented  at  the  surface  by  drift  over  all  the  state  but  the  southeastern 
comer,  and  a  small  area  in  the  southwest  corner,  as  shown  on  the 
map,  (plate  xxxvi).  These  three  stages  are  separated  by  erosion 
intervals,  and  peat  and  soil  lies  between  them  locally. 

The  Illinoian  drift,  however,  was  not  recognized  in  Minnesota 
until  quite  lately.  It  covered  at  most  only  a  small  part  of  the 
state  on  the  central  eastern  border,  where  it  had  been  mistaken  by 
N.  H.  Winchell  and  others  for  a  red  drift  belonging  to  the  Wis¬ 
consin  or  “younger”  drift.  It  is,  to  be  sure,  a  “red”  drift  and  not 
“gray”  drift  as  the  Kansan  and  Pre-Kansan  are.  The  field  work 
of  Frank  Leverett,  which  is  now  partly  published,  distinguishes 
the  Illinoian  from  the  “red”  drifts  of  the  Wisconsin  and  simplifies 
matters  relating  to  both  of  these  stages.^ 

The  “old  red”  Illinoian,  as  distinguished  from  the  “young” 
and  “younger  red”  sheets  belonging  to  the  Wisconsin  stage,  brings 
out  more  clearly  the  problem  of  the  Iowan  (?)  stage.  This 
Illinoian  sheet  does  not  extend  down  to  the  state  of  Iowa  where 
the  Iowan  drift  is,  and,  moreover,  it  is  “red”  and  not  “gray”  as 
that  drift  is  supposed  to  be.  There  is  but  one  recognized  “gray,” 
or  Kewatin,  drift  sheet  above  the  Kansan  drift  in  Minnesota,  and 
that  one  overlies  here  in  part  the  first  “red  till”  of  the  Wisconsin 
stage,  and  is  clearly  contemporaneous  with  it  for  the  rest.  The 
Illinoian  drift  of  Minnesota  does  not  correspond  to  the  Iowan 

8  Univ.  of  Minnesota  Geol.  Surv.,  Bull.  12,  p.  32,  1915;  also,  Bull.  13,  p.  14,  1917; 
and  Bull.  14,  p.  13,  1919. 
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drift  of  Iowa,  and  there  is  none  other  that  can  be,  so  that  at 
present  the  problem  here  is  very  simple.  There  is  no  known 
Iowan  drift  in  Minnesota.  Details  as  to  all  the  separate  drift 
sheets,  excepting  one  in  the  Wisconsin  stage,  are  not  shown  on 
plate  xxxiv,  but  they  will  be  described  later.  They  are  indicated 
on  plates  xxxv,  and  xxxvi. 

In  simplest  terms,  the  Kewatin  drift-sheet  of  the  Wisconsin 
stage  must  serve  as  pattern  for  the  interpretation  of  the  Kewatin 
Kansan  drift,  and  for  the  Kewatin  Nebraskan  drift.  That  the 
Patrician  and  Labradorian  glaciers  of  the  Wisconsin  stage  should 
be  eliminated  before  comparison  of  the  earlier  and  the  latest  drifts 
is  made,  is  obvious.  Three  “gray’’  drift-sheets  came  from  Kewa¬ 
tin  across  the  northwest  comer  of  Minnesota,  and  out  across  the 
south  end  of  the  state,  so  that,  unless  differences  can  be  shown, 
it  may  be  assumed  that  coming  from  the  same  place  and  going 
by  the  same  path  to  the  same  outlet  involves  a  similarity  of  form 
and  movement.  Likewise  the  “red’’  Labradorian  Wisconsin  serves 
as  a  paradigm  for  the  “red”  Illinoian  sheet.  The  Patrician  Wis¬ 
consin  glacier,  as  shown  on  plate  xxxiv  is  unique. 

With  the  Kewatin  glacier  of  the  Wisconsin  stage  in  mind,  (see 
plate  xxxv)  the  Kewatin  glacier  of  the  Nebraskan,  or  first,  stage 
compares  as  follows:  At  the  south  boundary  line  of  Minnesota 
the  Nebraskan  glacier  was  about  twice  as  wide  as  was  the  Wis¬ 
consin  glacier.  They  came  both  from  the  same  source  in  Kewatin 
or  above  Manitoba,  as  is  shown  by  the  character  of  their  drift 
contents,  which  are  alike.  They  traveled  the  same  directions  and 
the  same  routes.  Consequently,  the  first  glacier  should  be  expected 
to  have  gone  twice  as  far,  more  or  less,  than  the  last  one  did, 
or  to  a  point  beyond  the  Missouri  River  to  the  south,  or  else, 
to  sublobe  and  deploy  widely.  That  is  not  a  Minnesota  problem, 
however,  as  to  how  far  that  first  glacier  went.  The  problem  for 
this  State  is  what  it  did  here. 

During  its  retreat,  the  last  glacier  left  a  practically  continuous 
sheet  of  bouldery  drift,  or  till,  and  many  patches  of  gravel  as 
outwash  by  streams  from  the  glacier.  The  natural  assumption 
is  that  the  first  one  did  likewise.  But  there  are  some  differences 
to  be  noted.  The  first  glacier  passed  over  new  surface  on  which 
the  streams  were  at  lowest  gradient,  the  valleys  were  deep  but 
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wide,  and  the  hills  covered  by  the  clays  of  well  weathered  rock 
formations. 

From  its  place  of  beginning  and  along  all  of  its  course,  the 
glacier  had  presumably  clays  rather  than  sands  or  gravels  to 
displace  before  the  bed-rock  was  scratched.  Residuary  pebbles 
and  boulders,  of  course,  existed  locally  to  be  picked  up  by  the 
ice  as  it  moved  forward,  but  since  residuary  clays  act  more  nearly 
as  a  lubricant  rather  than  as  an  abrasive,  it  may  be  imagined  that 
the  Nebraskan  glacier  slipped  along  relatively  easily,  over  a 
clay  ground  moraine  in  which  were  few  stones.  This  glacier 
carried  clay,  mainly.  Since  also  a  clay  moraine  is  much  more  mild 
in  its  surface  features  than  a  stony  moraine  is,  as  we  see  from 
comparison  of  the  Kewatin  and  Patrician  drifts  of  the  Wisconsin 
stage  in  Minnesota  now,  the  Nebraskan  moraines  of  re-advance 
would  be  even  that  much  more  low-lying  —  scarcely  moraine-like 
at  all  —  even  when  they  were  fresh.  Under  such  conditions,  out- 
wash  of  laminated  clays  rather  than  of  gravels  also  filled  the 
valley  bottoms  both  during  advancement  and  recession  of  the 
glacial  front-wall.  Valleys  that  were  traversed  lengthwise  could 
be  plowed  free  of  clays,  but  those  lying  tranverse  might  be  plas¬ 
tered  over  more  or  less,  in  the  advance. 

Nebraskan  till,  in  fact,  closely  resembles  alluvium,  with  tree- 
trunks,  clay-polished  pebbles  and  boulders,  and  a  minor  amount 
of  fresh  rock  materials  of  all  kinds.  Now  as  to  whether  this 
was  spread  as  a  continuous  sheet  of  till,  or  was  in  patches,  largely 
with  bare-rock  areas  between,  is  not  known,  but  the  scarcity  of  re¬ 
maining  patches  to  the  north  in  Minnesota  may  be  taken  as  an 
indication  that  Minnesota  was  denuded  rather  than  covered,  while 
Iowa  and  also  southeast  Minnesota  was  more  thickly  drifted. 
Whatever  was  here,  however,  had  been  reduced  to  remnants  by 
erosion  before  the  next  glacier  came.  What  is  found  now  are 
the  sparse  patches  in  the  belt  bordering  the  Driftless  Area,  till 
under  the  Kansan  drift  on  uplands,  as  in  Mower  county,  at  1300 
feet  above  sea-level,  and  filling  of  pre-Glacial  ravines  as  that 
at  Mankato  at  800  feet  elevation, — all  too  few  to  prove  more 
than  that  a  great  Nebraskan  glacier  was  here,  and  that  a  great 
erosion  interval  separated  it  from  the  Kansan  drift. 

The  Kansan  drift  in  Minnesota  is  all  of  Kewatin  origin  and  is 
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thus  easily  comparable  to  the  Nebraskan,  and  with  the  Kewatin 
drift  of  the  Wisconsin  stage.  Comparison  is  made  first  of  all 
with  the-  latter,  because  it  is  so  well  seen  at  the  surface.  Materials 
of  the  two  drifts  are  so  much  alike  that  they  are  not  readily  dis¬ 
tinguished  the  one  from  the  other  when  out  of  geologic  associa¬ 
tion  and  when  certain  age  marks  of  the  Kansan  fail.  Their 
source,  direction  of  glacial  movement  to  and  out  of  Minnesota 
are  so  similar  that  the  difference  in  size  of  the  two  glaciers  is  the 
chief  matter  of  contrast,  the  Kansan  being  much  wider  and  of 
course  longer  than  the  Wisconsin  Kewatin  glacier.  The  Kansan 
is  not  so  wide,  however,  as  the  Nebraskan  glacier  appears  to  have 
been  at  the  south  boundary  line  of  Minnesota,  and  it  is  remarkable 
if,  as  generally  believed,  it  reached  farther  south  than  the  first 
glacier  did. 

The  oncoming  of  the  Kansan  glacier  must,  of  course,  have 
found  the  surface  conditions  of  Minnesota  different  from  those 
that  the  Nebraskan  glacier  met.  As  already  explained,  the  Ne¬ 
braskan  glacier  probably  built  no  high  moraines  even  across  the 
main  valleys  and  also  built  none  of  the  still  higher  outwash  plains, 
as  the  Wisconsin  glacier  did.  Evidence,  both  direct  and  indirect, 
is  lacking  to  indicate  that  any  of  the  main  drainage  valleys  were 
blockaded  here  during  the  Nebraskan  stage  of  glaciation.  During 
the  erosion  interval,  the  valleys  undoubtedly  became  clear  of 
drift;  and  if  for  some  other  reason  they  were  silted  up,  the 
drainage  in  front  of  the  oncoming  Kansan  glacier  was  free.  But, 
otherwise,  there  were  boulder-strewn  hills  from  the  remnants  of 
the  eroded  Nebraskan  till,  and  no  doubt  many  minor  valleys 
with  gravelly  erosion  terraces  and  bottoms,  to  cross.  The  rem¬ 
nants  of  Nebraskan  till,  also,  were  in  part  perched,  no  doubt, 
where  they  had  to  be  pushed  over  and  incorporated  in  the  Kansan 
till  —  hence  the  great  difficulty  in  many  cases  in  distinguishing 
Kansan  from  Nebraskan  till.  From  somewhere,  probably  central 
Minnesota,  the  Kansan  glacier  gathered  up  a  great  number  of 
enormous  granitic  boulders,  also. 

The  Kansan  glacier  made  many  local  outwash  fans  in  front  of 
itself  as  it  advanced,  such  as  the  conspicuous  one  near  Goodhue, 
and  of  these  some  were  simply  buried  under  ground-moraine  and 
left,  while  others,  by  bedding  of  the  gravel  back  into  the  ice, 
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transmitted  stresses  to  the  underground  evidently  until  masses  of 
the  ground  gave  way  and  were  transported.  It  is  quite  clear 
that  the  advancing  ice  picked  up  boulders  and  gravel  beds  in  some 
such  way  and  that  it  gave  more  material  to  throw  out  at  the  melt¬ 
ing  front  as  outwash  and  kames.  In  its  retreatal  substages,  how¬ 
ever,  the  Kansan  glacier  was  much  like  the  Nebraskan  had  been, 
and  was  seemingly  riding  smoothly  on  clayey,  wet  ground  moraine 
or  on  bare  immovable  rock  surface.  The  bed-rock  surfaces  that 
bear  the  striations  of  the  Kansan  glacier  have  a  polished,  pitted 
aspect  that  is  termed  clay-polish. 

Retreatal  moraines  of  the  Kansan  glacier  were  no  doubt  of  the 
low-lying,  clay-moraine  type,  such  as  do  not  blockade  valleys 
much  and  there  was  also  evidently  an  absence  of  high  -outwash 
plains  so  that  the  main  rivers  could  at  once  resume  their  courses 
after  the  ice  was  gone.  Post-Kansan  erosion  made  many  gravelly 
terraces  along  secondary  streams,  but  the  main  river  courses  ap¬ 
pear  to  have  silted  up  when  filled  at  all.  Kansan  till  lies  at  and 
below  river -level  of  the  Minnesota-Mississippi  junction  now  in  the 
pre-Kansan  and  post-Kansan  valley  there  as  it  does  also  on  the 
upland,  but  is  much  eroded  through  in  both  places.  The  Kansan 
till  remnants  are  often  strikingly  thick  and  it  appears,  in  fact,  as 
the  “great  drift”  sheet  as  compared  either  with  the  Nebraskan  or 
the  Wisconsin  Kewatin  drifts.  Its  morainal  belts  have,  however, 
not  been  yet  traced. 

The  Illinoian  glacial  drift  in  Minnesota  is  largely  covered  by  the 
Wisconsin  Patrician  glaciers’  work.  A  small  part  of  it  is  exposed 
at  the  surface  in  Dakota  and  Washington  counties  (Nos.  9  and 
11,  plate  xxxiv)  ;  and  there  is  more  of  it  in  Wisconsin.  For 
simplicity’s  sake,  only  the  Patrician  is  shown  on  the  map,  (plate 
xxxiv)  ;  and  the  Kewatin  and  Labradorian  of  the  Wisconsin  stage 
are  omitted.  (See  maps  plate  xxxv  and  xxxvi  for  the  latter). 

The  Illinoian  drift  here  is  most  like  the  Labradorian  of  the 
Wisconsin  stage,  but  the  Patrician  is  also  a  “red”  drift,  so  that 
where  this  and  the  Illinoian  lie  together  the  distinction  is  mainly 
that  of  age,  “young  red”  and  “old  red,”  with  also  a  soil  zone  be¬ 
tween  them  in  local  erosion  exposures,  as  at  Taylors  Falls  (No.  12, 
plate  xxxiv).  In  form,  the  Illinoian  glacier  is  to  be  compared 
with  the  Wisconsin  Labradorian  glacier,  both  being  long  tongues 
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from  the  main  glacier  through  the  Lake  Superior  Basin.  The  main 
glacier  in  both  cases,  of  course,  went  southwest  across  Michigan 
into  Illinois. 

The  Illinoian  glacier  brought  a  stony  “red”  drift  into  Minnesota, 
but  since  it  crossed  a  district  in  northwestern  Wisconsin  where 
remnants  of  the  Kansan  Kewatin  drift,  at  least,  were  lying,  it 
shows  a  perceptable  mixture  of  the  Manitoba  limestone  pebbles 
in  the  till.  The  Illinoian  glacier  made  a  pronounced  morainic 
belt,  with  gravel  knolls  and  stony  hills.  At  its  terminus  it  made 
an  outwash  of  gravel  filling  the  valley  of  Chub  creek  100  feet  and 
more  deep  with  it  and  diverting  the  creek  by  a  cross-cut  to  its 
tributary,  the  Little  Cannon  River.  The  main  Cannon  River 
above  Northfield  was  then,  of  course,  non-existant. 

Up  to  that  time  the  upper  Saint  Croix  River  joined  the  Missis¬ 
sippi  River  at  the  west  side  of  Hennepin  County  (No.  14,  plate 
xxxiv)  and  the  Minnesota  at  the  north  side  of  Scott  County 
(No.  15)  and  went  across  Dakota  County  (No.  9).  From  the 
position  of  the  Illinoian  glacier  it  may  be  seen  that  all  of  the  Mis¬ 
sissippi  drainage  was  cut  off  and  diverted,  from  the  north  to  the 
south  side  of  Dakota  County,  through  Chub  Creek  Valley  and 
broadly  over  the  limestone  ledge  into  the  Little  Cannon  River. 
That  appears  to  be  the  event  that  started  the  Cannon  Falls,  and 
gave  the  canyon-like  feature  to  the  valley  below  the  Falls.  As 
the  Illinoian  glacier  retreated,  however,  the  Mississippi  River 
went  back  into  its  old  course. 

The  northernmost  parts  of  the  great  dust  deposit  that  is  known 
as  the  loess  lies  over  parts  of  the  Illinoian  drift,  as  it  does  also 
over  parts  of  the  Kansan  and  Nebraskan  in  Minnesota.  The 
Wisconsin  glaciers  overrode  the  loess,  of  course,  being  later  than 
it.  The  loess  gives  therefore  a  simple  criterion  for  the  distinction 
of  the  “old  red”  and  “young  red”  drifts  in  theory  although  not 
many  places  in  practice. 

When  the  term  Iowan  Drift  was  applied,  as  at  first,  to  that 
which  is  now  called  the  Kansan  stage  in  Iowa,  its  acceptance  in 
Minnesota  would  have  been  quite  logical.  And  after  the  title  was 
re-defined  and  made  to  designate  a  drift-sheet  contemporaneous 
with  the  loess  the  name  Iowan  loess  was  logical  here  too.  But 
the  search  for  a  drift-sheet  of  the  same  age  as  the  loess  has  not 
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been  successful  in  Minnesota.  The  Iowan  drift  is  in  theory  a 
product  of  an  Iowan  Kewatin  glacier  that  developed  parallel  to  the 
three  known  Kewatin  glaciers  that  crossed  Minnesota  into  Iowa. 

In  theory,  from  the  Minnesota  angle,  an  Iowan  Kewatin  glacier 
as  late  as,  or  later  than,  the  Illinoian  glacier,  would  have  crossed 
the  boulder-strewn,  gravel-terraced,  eroded  hills  and  valleys  of  the 
old  Kansan  drift.  The  more  lightly  and  shorter  its  glaciation,  the 
more  stony  and  gravelly  its  work  would  be  expected  to  be,  and 
thus  much  like  the  Wisconsin  stage  in  Minnesota.  As  described  by 
geologists,  the  Iowan  drift  in  Iowa  is  very  like  the  Kansan  till. 

As  compared  to  the  glaciation  in  Wisconsin  state,  the  glaciers 
of  the  Wisconsin  stage  in  Minnesota  are  supposed  to  have  come 
in  the  middle  and  later  parts.  A  glacial  tongue  from  each  of  the 
two  main  centres  of  snow-gathering  and  ice-radiation,  Labrador 
and  Kewatin,  reached  Minnesota,  and  a  third  glacier  came  from 
an  intermediate  centre  —  Patricia.  The  three  are  so  nearly  con¬ 
temporaneous  that  soil,  peat,  trees,  etc.,  do  not  mark  their  sur¬ 
faces  where  the  drift  of  the  one  lies  over  that  of  another. 

The  Patrician  glacier  came  in  first.  On  the  map,  plate  xxxiv, 
the  full  extent  of  the  Patrician  glacier  is  shown;  and  on  plate 
XXXV  it  is  shown  in  retreatal  stage,  with  the  glaciers  that  followed 
it.  It  came  in  from  and  retreated  to  the  region  north  of  Lake 
Superior,  and  up  there,  even  in  the  northeast  point  of  Minnesota, 
it  left  little  trace  except  bare  bed-rock.  At  its  gathering  ground 
it  had  hard  crystalline  rocks  to  work  on,  but  to  the  south,  as  at 
Hinckley,  it  began  to  show  some  admixture  of  Manitoba  lime¬ 
stones  as  if  from  the  Kansan  drift,  parts  of  which  the  glacier 
seems  to  have  plowed  up.  At  Minneapolis  (No.  14)  sandstone 
and  limestone  from  the  local  stratified  rocks  appear  abundantly 
in  Patrician  drift.  From  a  very  bouldery  and  pebbly  drift  to  the 
north  it  changes  southward  to  greater  content  of  rock-flour  and 
clay,  but  never  ceases  to  be  stony  and  sandy.  Plowed  fields  of 
the  “red”  clay  soil  do  not  rain-wash  as  do  those  of  the  “gray” 
soil. 

The  Patrician  glacier  built  great,  rough,  terminal  moraines, 
bouldery  ground-moraine,  and  many  high  outwash  plains.  At  Pine 
Bend,  below  Saint  Paul,  the  moraines  blockaded  the  old  valley  of 
the  River  with  two  to  three  hundred  feet  of  till  and  from  there 
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up  to  Long  Prairie  the  valley  of  the  Mississippi  River  was  obliter¬ 
ated  and  apparently  never  afterwards  used.  At  the  Pine  Bend,  the 
outwash  of  gravels  in  front  of  the  moraine  fills  part  of  the  old 
valley  more  than  200  feet  above  the  Mississippi  River  and  the 
glacial  streams  aggraded  the  valley  from  that  elevation  of  out¬ 
wash  for  many  miles  dowm  the  River.  The  thickness  of  the  ter¬ 
minal  moraines  is  great  as  compared  to  the  ground-moraine  deposit, 
and  the  height  and  extent  of  outwash  plains  are  even  more  out  of 
proportion.  These  phenomena  belong,  however,  rather  to  the  de¬ 
position  of  stony  drift  than  to  a  long  duration  of  the  glacier. 

Two  large  lakes.  Leech  Lake  and  Red  Lake,  appear  to  have 
resulted  from  the  dam  made  by  the  main,  outer  moraines  and  a 
third  Millelacs  Lake,  is  certainly  held  in  by  one  of  the  inner 
moraines  which  circles  it  on  the  south  and  west,  the  east  side 
having  ground-moraine,  with  bare  rock  outcrops  enclosing  it.  Mo¬ 
raines  of  the  Patrician  drift  that  were  over-ridden  by  other 
glaciers  are  mostly  still  traceable,  and  are  somewhat  unique 
feature,  lately  discovered,  in  the  record  of  glacial  history  of  the 
State. 

It  is  noteworthy,  as  shown  on  the  map,  plate  xxxiv,  that  the 
point,  or  extreme  end,  of  the  Illinoian  and  that  of  the  Patrician 
glacier  of  the  Wisconsin  stage  terminate  nearly  in  the  same  place. 
The  general  form  of  the  two  glaciers  are  nearly  alike,  and  their 
drift  deposits  are  also  much  alike,  although  coming  supposedly 
from  widely  distant  glacial  centres. 

The  “Superior  glacial  lobe’'  of  the  Labradorian  glacier  is  ob¬ 
viously  the  point  of  a  glacier  only  in  ^linnesota.  It  pushed 
through  the  Lake  Superior  Basin  and  reached  its  miximum  ex¬ 
tension  as  the  Patrician  glacier  was  retreating,  as  shown  on  plate 
XXXV,  and  laid  its  drift  sheet  over  that  of  the  Patrician  drift 
while  it  was  very  fresh.  There  is  thus  one  red  drift  immediately 
over  another  without  any  local  soil  mark  or  division,  excepting 
that  the  last  red  drift  is  the  brighter  in  color.  Difference  in  color, 
somewhat  different  stony  content  locally,  according  to  place  and 
direction  of  transport,  and  discordance  of  moraines  enabled  Frank 
Leverett  lately  to  distinguish  the  two  drifts  and  glaciers  which 
had  been  formerly  confused  by  every  one. 

The  drift  of  the  Superior  lobe  is  stony  with  large  admixture  of 
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local  Keweenawan  volcanics  and  in  part  also  of  red  sandstone 
pebbles.  Clays  were  also  scooped  up  from  the  Lake  basin,  so  that 
in  some  places  the  drift  is  stoneless,  or  nearly  so.  The  drift  not 
only  varies  from  very  stony  till  to  stoneless  drift,  but  the  moraines 
in  part  coincide  and  in  part  are  discordant  with  those  of  the  Pa¬ 
trician  drift  which  it  overrode.  As  it  is,  its  whole  work  appears 
somewhat  capricious;  and  in  this,  it  is  not  so  very  different  from 
the  Illinoian  drift  that  is  seen  in  Minnesota.  A  person  may  easily 
imagine  that  when  the  Superior  drift-sheet  over-lying  the  Patrician 
drift  becomes  as  old  as  the  Illinoian  drift  now  is,  erosion  will 
have  reduced  it  to  stony  hills  and  gravel  knolls  on  a  bed-rock 
plain. 

During  the  retreat  from  northern  Minnesota,  the  Patrician 
glacier  was  apparently  shut  in  between  the  Labradorian  and  the 
Kewatin  glaciers,  the  three  coming  into  contact  along  their  sides. 
The  Labradorian  glacier  then  had  its  maximum  extension  west, 
and  the  Kewatin  glacier  its  maximum  south,  as  shown  on  plate 
XXXV.  As  these  two  glaciers  began  to  retreat,  or  recede,  by  melt¬ 
ing  off,  the  Patrician  glacier  receded  farther  also.  All  three  of 
the  glaciers  made  many  re-advance  moraines,  or  “recessional  mo¬ 
raines,”  and  it  was,  of  course,  in  one  of  its  re-advances  that  the 
Patrician  glacier  met  the  others  as  described.  In  a  later  re-advance 
of  the  Kewatin  glacier,  it  pushed  beyond  its  first  maximum  line 
in  northern  Minnesota  in  part  and  sent  a  sublobe  in  front  of  the 
Patrician  glacier’s  position,  depositing  a  thin  drift-sheet  over  that 
of  the  latter  and  lapping  onto  that  of  the  Labradorian  a  little 
(see  plate  xxxvi). 

This  last  glacier  of  all  in  Minnesota  affords  the  greatest  variety 
for  the  study  of  drift  phenomena.  The  normal  ground-moraine 
is  a  till  with  smaller  and  more  boulders  than  the  Kansan  Kewatin 
shows.  The  moraines  are,  further,  decidedly  more  bouldery  than 
the  known  Kansan  appears  to  be  in  any  case.  Outwash  gravels 
formed,  during  the  recessions  in,  or  in  front  of,  the  moraines,  into 
many  and  large  plains,  and  some  of  these  were  again  over-ridden 
by  ground-moraine,  or  thrust  up  by  end-moraine  structure.  Thus 
the  deposit  of  a  clay-till,  nearly  like  that  of  the  Kansan  drift  was 
made  so  gently  that  an  old  soil,  or  peat-bed  under  it,  was  not 
destroyed.  The  grinding  of  till  and  an  underlying  gravel  into  a 
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‘"mixed”  till,  the  planing  over  of  a  moraine  under  a  clay-till 
“over-ridden  moraine,”  clay  moraines,  and  sandy  or  mixed  mo¬ 
raines,  give  a  large  range  of  phenomena. 

Since  the  Wisconsin  Kewatin  and  the  Kansan  Kewatin  glaciers 
came  from  the  northwest,  and  presumably  from  the  same  place  by 
the  same  route  and  over  the  same  shales,  the  till  of  this  last 
glacier,  which  is  most  like  that  of  the  old  one,  is  taken  to  be  the 
normal  product.  More  and  smaller  boulders,  more  gravel  de¬ 
posits,  and  higher  outwash  plains  are  seemingly  the  natural  results 
of  this  glacier’s  coming  over  the  weathered  and  washed  surface 
of  the  older  one.  In  line  with  this  view  is  the  observed  fact  that 
the  Patrician  glacier  with  a  still  more  stony  drift,  built  morainic 
hills  that  are  rougher,  deeper  and  more  obstructive  than  are  even 
those  of  the  Wisconsin  Patrician  materials. 

In  conclusion  it  may  be  noted  that  only  glaciers  coming  from 
the  Kewatin  centre  went  beyond  the  south  boundary  line  of  Min¬ 
nesota  on  the  west  of  the  “Driftless  Area.”  Of  these,  the  first, 
or  Nebraskan,  may  be  characterized  as  that  which  moved  most 
easily  and  farthest.  The  second,  or  Kansan,  is  the  “great  drift” 
in  its  extent  and  thickness  in  southern  Minnesota.  The  third,  or 
Wisconsin,  was  the  most  disturbing  to  streams  and  topography. 
These  differences  have  appeared  to  be  the  main  essential  charac¬ 
teristics  of  those  glacial  drifts.  A  fuller  discussion  of  them  may 
be  better  made  after  all  the  work  of  Frank  Leverett  in  Minnesota 
has’  been  published.  Enough  of  that  work  has  appeared  now, 
however,  to  justify  some  discussion  of  main  problems.  Those 
differences  which  are  characterized  in  the  three  drifts  have,  of 
course,  been  formerly  considered  largely  as  induced  upon  them  by 
time  and  erosion.  But,  what  conditions  of  erosion  could  in  time 
reduce  the  stony  moraines  of  the  Wisconsin  drift  to  remnants  of 
till  such  as  that  of  Minnesota,  or  Iowa,  in  the  Kansan  and  Ne¬ 
braskan  drifts,  is  not  known  or  easily  suggested. 

It  is,  moreover,  easily  observed  that  the  youngest  Kewatin  till 
in  northeast  Minnesota  is  as  deeply  leached  as  the  Kansan  till  is  in 
southwestern  Minnesota,  and  that  criteria  of  that  kind  as  to  ero¬ 
sion  and  leaching  have  much  weight  only  when  not  counterbalanced 
by  broader  considerations.  It  would  be  obviously  futile  to  con¬ 
tend  that  the  Wisconsin  Kewatin  above  the  Patrician  has  great 
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age  because  it  is  deeply  leached  and  much  eroded  relatively,  or  to 
ascribe  to  the  Kansan  till  a  “younger”  origin,  because  it  is  relatively 
little  leached.  It  also  would  not  be  impossible  in  return  for  repeat¬ 
ed  inquiry  about  “gumbotil”  and  “Iowan  drift”  in  Minnesota  to 
find  some  small  phenomena  which  under  a  willing  imagination 
could  be  made  to  appear  to  show  that  they  are  here.  Under 
broader  consideration  however  there  is  no  evidence  or  criteria 
that  has  weight  bearing  affirmatively  on  them  as  yet,  in  Minnesota. 

The  main  body  of  the  Kansan  drift  appears  to  lie  in  Iowa  as 
compared  to  the  main  body  of  the  Wisconsin  Kewatin  drift  that 
lies,  in  Minnesota.  Of  the  moraines  of  the  latter,  eight  main 
moraines  in  Minnesota  cross  into  Iowa.  Of  these,  four  are  out¬ 
side  and  four  just  inside  the  position  of  the  glacier  as  shown  on 
the  map,  plate  xxxvi.  Four,  or  more,  moraines  close  across  the 
Minnesota  River  above  its  great  south  angle,  and  as  many  also 
across  the  Red  River  valley.  Thus  by  moraines,  an  estimate  of 
half  the  glaciers’  action  was  while  it  ended  in  Iowa,  counting  the 
period  of  advance  as  nothing,  and  twice  as  much  drift  may  lie 
in  Minnesota  as  Iowa,  in  depth.  Such  an  estimate  has  no  force 
except  to  introduce  the  idea  as  to  why  the  main  thickness  of  the 
Wisconsin  drift  appears  to  be  in  southern  Minnesota  rather  than 
south  of  it.  The  Kansan  till  coming  presumably  from  equally 
far  north  extended  so  much  farther  south  that,  by  comparison 
with  the  Wisconsin  drift  the  main  body  of  its  mantle  should  be 
found  in  Iowa,  and,  in  fact,  appears  from  all  accounts,  to  be  there. 
As  to  an  Iowan  drift  between  them,  the  same  comparison  would 
lead  to  an  expectation  that  its  main  body  lay  as  much  in  Minnesota 
as  in  Iowa,  and  the  finding  of  no  evidence  of  it  has  been  a  very 
intense  problem. 

The  seemingly  very  rapid  advance  of  glaciers  in  Minnesota,  as 
compared  to  the  hesitating  and  long  drawn-out  succession  of  re¬ 
advances  during  recessional  substages  is  an  hypothesis  that  may  be 
modified  by  experience  in  nearby  districts,  but  here  there  is  lack 
of  evidence  that  the  glacier  made  moraines  during  its  advance  to 
maximum  extension  except  in  north-central  Minnesota,  where  the 
Wisconsin  Kewatin  glacier  overrode  its  own.  In  that  district,  how¬ 
ever,  not  enough  work  has  been  done  to  be  entirely  satisfactory, 
as  there  may  be  many  phenomena  in  it  that  are  not  yet  known. 
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An  unusual  circumstance  is  it  that  the  most  satisfactory  explana¬ 
tion  for  the  formation  of  those  cold,  sour,  and  intractible  soils, 
which  are  colloquially  termed  gumbo,  and  which  occur  over  west¬ 
ern  prairies  in  myriad,  irregular,  widely  scattered  and  severely 
limited  patches,  should  come  not  from  the  strictly  scientific  do¬ 
mains  of  geology  but  from  such  a  practical  and  apparently  so  re¬ 
mote  a  source  as  ceramics.  The  ceramic  side  of  the  gumbo  clays 
is  little  touched  upon  by  doctrinaire  geologist.  As  a  result  the 
latter  tends  to  throw  a  certain  veil  of  mystery  over  some  very 
simple,  everyday  things;  and  they  draw  too  strongly  upon  the 
imagination  when  common  practical  vision  serves  better.  The 
ceramic  aspect  of  these  clays  gives  ready  clue  to  the  nature  of  their 
obvious  peculiarities  and  to  their  origin. 

Recent  attempt  to  revive  an  early  notion  that  the  gumbo  soils 
of  southern  Iowa  are  a  weathered  phase  of  the  lower  (Kansas) 
till,  calls  forth  especial  attention  to  this  primitive  and  seemingly  en¬ 
tirely  supported  guess.  Concerning  this  supposed  origin  Profs. 
G.  F.  Kay  and  J.  N.  Pearce,  of  the  Iowa  State  University,  argue 
not  only  for  a  strictly  genetic  designation,  as  indicated  by  the  title 
gumbotil,  but  also  a  derivation  directly  from  the  prolonged  chemi¬ 
cal  weathering  of  till.  These  authors  ^  assume  for  the  gumbo  an 
indexical  value  concerning  the  relative  durations  of  the  several 
interglacial  epochs,  and  its  use  as  a  chronological  measure  of  the 
Glacial  Period,  with  an  excessively  long,  instead  of  a  reasonably 
moderate  span  —  a  time  elapse  of  millions  in  place  of  a  few  thous¬ 
and  of  years.  That  none  of  these  assumptions  are  warranted 
seems  incontestibly  indicated  by  the  sequence. 

Exploitation  of  the  origin  of  Iowa  gumbo  is  the  very  latest 

1  Journal  of  Geology,  Vol.  XXVIII,  p.  89,  1920. 
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problem  to  be  attacked  by  the  state  survey.  It  is  also  the  very  first 
of  the  topics  to  receive  attention  by  the  same  organization  30  years 
ago,  when  it  was  first  inaugurated.  The  conclusions  reached  in 
the  early  day  appear  unshaken  by  any  later  considerations.  Cal¬ 
vin’s  very  last  effort  was  on  this  very  theme,  in  connection  with  his 
report  on  the  Geology  of  Taylor  County,  the  field  work  of  which 
was  completed  but  the  notes  of  which  were  not  fully  written  out 
when  stayed  by  the  hand  of  death.  The  Calvin  idea  is  clearly 
epitomized  in  the  use  of  the  term  “Blue  silt,”  by  which  he  designat¬ 
ed  the  upland  gumbo. 

From  a  strictly  geological  angle  it  is  manifest  that  the  association 
of  gumbo  with  the  Glacial  till  is  purely  a  fortuitous  relation,  and 
not  a  genetic  connection.  Restriction  of  the  gumbo  to  the  drift 
is  an  unfortunate  attempt  at  too  broad  generalization  from  too 
slender  basis.  There  might  be  some  mitigation  from  the  blunder 
by  a  geologist  working  alone  and  hampered  by  political  boundaries 
and  a  lack  of  moderate  experience  could  be  under  the  circumstances 
overlooked.  In  the  present  instance  the  geologist  had  the  very 
great  advantage  of  chemical  check,  which,  however,  seems  to  have 
not  only  availed  him  nothing  but  to  have  actually  helped  to  lead 
him  astry.  Certainly  modern  colloid  chemistry  is  not  too  new  a 
theme  to  have  escaped  the  laboratory  of  a  state  university.  On 
gumbo  soil  origin  Kay  and  Pearce  will  certainly  have  to  guess 
again. 

Gumbo  has  particular  interest  to  the  clay-worker.  Its  remark¬ 
able  plasticity  is  unlike  that  possessed  by  any  other  clays.  This 
property  makes  it  undergo  in  burning  an  unusual  amount  of 
shrinkage.  Because  of  such  property  it  breaks  up  intp  strong 
clinker.  In  highway  betterment  burnt  gumbo  thus  forms  an  ideal 
road-metal.  It  is  superior  to  any  other  form  of  MacAadam.  It 
has  many  advantages  over  concrete  and  other  hard  pavements,  of 
which  cheapness  is  not  the  least.  Not  an  unimportant  feature  is 
the  seemingly  strange  circumstance  that  wherever  the  country 
roads  are  most  impassible  it  is  on  account  of  the  presence  of 
gumbo.  Thus  by  throwing  up  and  simply  burning  the  ordinary 
dirt  road-bed  the  worst  roads  become  the  best  roads. 

The  fundamental  problem  of  highway  improvement  in  prairie 
country  becomes  closely  linked  with  the  location  of  the  gumbo 
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patches.  Topographically  the  gumbo  soils  have  very  definite  re¬ 
lations.  The  circumstance  that  in  southern  Iowa  gumbo  rests  on 
the  oldest  till  sheet  is,  therefore,  not  in  any  sense  a  genetic  rela¬ 
tionship.  When  wider  prospect  is  taken,  gumbo  is  discovered  not 
to  be  restricted  to  the  surfaces  of  the  oldest  drifts.  Gumbo  is 
found  not  only  not  confined  to  this  till,  but  reposed  upon  alluvium, 
loess,  and  even  sands.  It  occurs  in  full  force  far  outside  of  the 
limits  of  glaciation,  and  among  residual  soils  that  glacier  never 
touched.  In  the  continental  interior  gumbo  is  as  common  on  the 
Mexican  border  as  it  is  in  southern  Iowa. 

From  the  viewpoint  of  the  clay- worker  gumbo  is  a  typical  silt. 
Calvin’s  title  of  “blue  soil”  expresses  the  essential  qualities  as  recog¬ 
nized  in  ceramics.  This  name  also  indicates  its  real  genesis.  It 
is,  indeed,  a  water-formed  product,  although  perhaps  not  always  a 
true  sedimental  deposit.  It  is  not  all  a  formation  of  the  long,  long 
ago.  To  the  contrary  it  is  actually  being  formed  today  abundantly 
on  the  bottom  lands  of  nearly  every  stream,  where  during  times  of 
flood  the  waters  are  highly  charged  with  fine  mud  in  suspension. 
Wherever  the  current  slackens  or  the  waters  spread  out  over  the 
lowlands  the  settling  silt  forms  as  typical  gumbo  as  may  be  found 
anywhere.  Gumbo  is  often  a  direct  product  of  muddy  waters.  It  , 
is  known  to  form  over  night.  In  direct  opposition  to  the  claim  of 
Kay  and  Pearce  that  gumbo  is  an  index  to  the  relative  antiquity 
of  the  Glacial  tills  it  is  more  properly  indicative  to  its  formation 
only  yesterday. 

The  same  is  true  of  the  uplands.  Whenever  the  drainage  is 
^poor  gumbo  forms.  It  is  especially  in  evidence  in  the  prairie 
swales  between  hills.  These  spots  are  the'  ones  where  unimproved 
highways  are  most  impassible  in  wet  weather.  Like  conditions  pre¬ 
vail  far  beyond  the  bounds  of  the  glaciated  area. 

Whenever  formed  on  alluvium  the  gumbo  appears  to  pass  into 
it  by  imperceptible  gradations.  Likewise,  when  it  rests  on  till, 
or  loess,  it  seems  to  be  a  part  of  the  same.  The  intrinsic  evidence 
is  everywhere  plain  that  gumbo  is  not  developed  in  situ  by  ordinary 
normal  weathering  of  subjacent  clays.  The  gumbo  materials  are 
often  clearly  transported.  The  failure  of  McGee  ^  to  recognize  in 
gumbo  a  true  silt  led  him  into  fantastic  speculation.  Kay  and 

2  Eleventh  Ann.  Rept.  U.  S.  Geol.  Surv,,  pt.  x,  p.  509,  1891. 
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Pearce,  in  following  too  closely  McGee’s  footsteps,  besides  being 
unfamiliar  with  the  gumbos  over  wide  fields,  also  overlooked  the 
silt  structure  of  the  material.  Had  the  Calvin  notes  on  his  dis¬ 
cussion  of  the  nature  of  the  blue  silt,  or  gumbo,  not  been  so  long 
suppressed  or  had  their  true  import  been  realized  the  supposed 
pressing  need  of  proposing  the  new  and  barbaric  generic  name  of 
gumbotil  would  never  have  been  felt.  The  evidences  set  forth  in 
support  of  the  weathering  hypothesis  of  gumbo  therefore  appears 
wholly  inadequate  and  unconvincing,  and  better  support  quite  dif¬ 
ferent  explanations ;  while  the  term  itself  is  a  marriage  of  bastards, 
the  first  in  the  history  of  geological  science,  and  should  not  find 
place  in  polite  society. 

In  referring  to  the  gumbo  of  certain  counties  of  southern  Iowa 
Bain  ^  is  not  wholly  wrong  in  terming  it  modified  loess.  What  he 
saw  most  clearly  in  his  localities  was  the  gumbo  surmounting  the 
loess.  Whether  or  not  he  examined  closely  gumbo  reclining  on  till 
is  not  a  matter  of  record.  Although  perhaps  not  in  the  same  sense 
Bain’s  idea  that  the  gumbo  which  he  saw  is  modified  loess  is  strictly 
correct,  since  gumbo  may  be  modified  from  almost  any  clay  and 
from  any  locality  on  the  face  of  the  earth.  The  Kay  and  Pearce 
criticisms  of  the  Bain  opinions  apply  with  equal  force  to  their  own 
till  notions,  paragraph  by  paragraph,  sentence  by  sentence,  and 
word  by  word.  But  they  are  entirely  without  warrant  and  only 
tend  to  confuse  the  discussion,  without  adding  anything  substantial. 

Concerning  the  origin  of  the  gumbo  Kay  and  Pearce  recapitulate 
the  various  opinions  of  other  workers  in  this  field,  with  the  evident 
purpose  in  mind  of  strengthening  their  own  position  by  discrediting 
the  efforts  of  their  predecessors.  Despite  this  barrage  the  recorded 
observations  of  Calvin,  Leverett,  Bain,  Tilton,  Udden,  Arey  and 
Shimek,  appear  to  be  singularly  correct,  at  least  so  far  as  they  go. 
With  all  of  these  writers  the  genesis  of  the  gumbo  is  only  an  inci¬ 
dental,  accidental  or  secondary  consideration.  As  already  noted 
Bain’s  connection  of  the  gumbo  with  the  loess  is  not  inherently 
erroneous,  because  gumbo  is  indeed  associated  as  often  with  loess 
as  it  is  with  till.  The  water-laid  aspects  of  the  gumbo  appealed 
most  strongly  to  Calvin,  Leverett,  Arey  and  Shimek,  the  last  men¬ 
tioned  author  even  finding  gumbo  actually  resting  on  gravel.  That 

3  Iowa  Geol.  Surv.,  Vol.  VIII,  p.  292,  1897. 
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gumbo  is  sometimes  really  water-laid  cannot  be  denied  by  anyone 
who  has  ever  had  very  much  to  do  with  the  gumbo  clays. 

So  accurate  are  the  records  of  these  several  workers  in  this  field, 
so  clever  and  logical  are  their  arguments,  and  so  harmonious  are 
their  independent  conclusions,  that  the  latter  do  not  in  any  way 
conflict  with  one  another,  because  they  refer  to  entirely  different 
aspects  of  the  same  problem,  and  because  they  happen  to  be  most 
appealing  in  the  respective  localities.  Far  from  demolishing  the 
conclusions  of  these  investigators,  and  thus  clearing  the  stage  for 
the  presentation  of  a  new  hypothesis,  the  objections  of  Kay  and 
Pearce  tremendously  strengthen  the  views  of  their  predecessors, 
and  at  the  same  time  they  greatly  weaken  their  own  claims.  It 
may  be  concluded  that  Kay  and  Pearce’s  criticisms  of  their  fellow 
workers  constitute  the  strongest  possible  evidence  against  their  own 
position.  Of  their  own  citadel  scarcely  one  stone  is  left  upon  an¬ 
other  so  completely  is  it  razed. 

Since  gumbo  silts  are  the  most  plastic  clays  known,  it  is  because 
of  this  high  degree  of  plasticity  which  they  possess  that  they  are 
subject  of  such  exhaustive  experimentation  and  examination  con¬ 
cerning  the  cause  of  plasticity  of  clays  generally.  When  the  Miss¬ 
ouri  Geological  Survey  ^  undertook  a  special  investigation  of  the 
clays  of  that  state  it  was  from  an  industrial  rather  than  from  the 
geological  angle.  One  of  the  main  themes  for  determination  was 
the  cause  of  the  plasticity  property.  Prof.  H.  A.  Wheeler  ®  found 
that  fine  grinding  of  clays  increased  this  property.  Some  of  the 
clay  plants  put  the  matter  to  test,  on  a  large  scale,  and  were  quite 
well  satisfied  with  the  partial  results.  Prof.  E.  Haworth,®  who 
made  extensive  microscopic  examinations,  noted  that  size  of  grain 
had  an  important  bearing  upon  the  perfection  of  the  plasticity,  as 
did  also  the  lamellar  form  of  the  particles.  This  latter  feature 
corroborated  early  contentions  of  Johnson  and  Blake.’’  It  was 
fully  recognized,  however,  in  the  Missouri  work  that  there  must  also 
be  other  factors  involved  that  were  not  understood.  The  gumbo 
clays  of  Missouri,  because  of  their  high  plasticity  thus  came  in  for 
special  consideration. 

At  the  time  that  the  Missouri  investigations  were  made  colloid 

4  Missouri  Geol.  Surv.,  Vol.  XI,  622  pp.,  1896. 

5  Ibid.,  p.  106. 

6  Ibid.,  104. 

7  Am.  Jour.  Sci.,  (2),  Vol.  XLIII,  p.  351,  1867. 
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chemistry  was  only  beginning  to  reach  practical  application. 
Schlosing,®  as  a  ceramic  chemist,  was  barely  known.  He  was  yet 
too  near  then  to  be  appreciated.  And  of  course  the  later  and  more 
important  investigations  of  Cushman,®  a  decade  after,  were  not 
thought  of. 

It  is  now  a  well  known  fact  that  the  plasticity  of  lean  clays  is 
greatly  increased  by  ordinary  humus  which  is  essentially  an  or¬ 
ganic  colloid.  Clays  placed  in  cool,  damp  situations  are  known  to 
increase  their  plasticity  in  the  short  span  of  a  few  weeks.  When  so 
placed  under  proper  conditions  in  nature  the  soils  are  termed  cold, 
sour  or  intractible.  They  are  the  typical  gumbos.  But  this  trans¬ 
formation  also  takes  place  often  in  a  few  weeks.  Soil  weathering 
itself  is  a  colloid  producing  process. 

-In  the  ceramic  industries  very  plastic  clays,  even  gumbo,  are 
easily  produced  artifically  by  the  very  simple  means  of  working  in 
small  quantities  of  common  colloids.  Thus  various  clays  have  their 
plasticity  raised  fifty  per  cent  by  the  addition  of  less  than  one  per 
cent  of  agar-agar.  In  the  same  way  gumbo  may  be  produced  in 
the  laboratory  in  the  space  of  a  few  minutes  from  shale,  loess, 
lean  clay,  or  almost  any  soil. 

Cold,  plastic  soils  do  not  have  to  be  derived  from  Glacial  till 
alone.  They  do  not  have  to  be  dubbed  gumbotil,  because  such  term 
is  clearly  indicative  of  false  genisi.  They  are  not  measures  of 
geological  time ;  they  are  not  time-measures  at  all.  Instead  of  be¬ 
ing  an  index  of  the  Glacial  advances  denoting  millions  of  years, 
gumbo  may  form  under  the  light  of  a  full  moon  and  the  falling 
dews  of  a  single  midsummer  night. 

With  proper  tiling  or  draining  the  most  intractible  gumbo  patch 
soon  loses  its  characteristic  qualities,  fails  in  its  identity,  and  reverts 
again  to  its  primitive  state.  Alleged  weathering  transformations 
of  a  million  years  vanish  in  a  few  weeks.  And  presto !  gumbotil 
again  stands  forth  an  old  till,  a  young  till,  a  loess,  a  stratified  silt, 
an  alluvium,  or  what  not ;  whatever  the  original  underlying  regolith 
happens  to  be  —  indistinguishable,  continuous,  perfectly  unaltered. 

8  Fremy’s  Encyc.  Chimique,  p.  67,  1888. 

9  Trans.  American  Ceramic  Soc.,  Vol.  VI,  1904. 
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EDITORIAL 

Grand  Canyon’s  Palacial  Section 

The  geological  section  of  the  Grand  Canyon  of  the  Colorado 
River  is  especially  notable  because  of  the  fact  that  it  is  the  only 
earth  wall  where  a  mile  of  strata  may  be  intelligently  studied 
without  leaving  hotel  steps.  It  is  on  account  of  this  very  circum¬ 
stance,  it  almost  seems,  that  the  many  other  and  better  sections 
are  so  invariably  shunned.  But  the  stupendous  rock  prospect 
viewed  from  the  sumptuous  El  Tovar  is  by  no  means  supreme. 
The  geology  of  Arizona  is  not  revealed  by  the  El  Tovar  section 
alone.  This  section  is  far  from  being  the  key-note  to  the  strati¬ 
graphy  over  a  distance  as  far  as  that  from  New  York  to  Chicago. 
Its  exclusive  contemplation  unfortunately  retards  by  half  a  cen¬ 
tury  rather  than  advances  our  knowledge  of  the  rocks.  El  Tovar 
geology  is,  indeed,  the  most  sumptuous  field  experience  in  all  the 
world. 

Overpowering  grandeur  of  the  riotous  scenery  which  hovers  as 
a  luminous  halo  over  this  Titan  of  chasms,  does  not  carry  with  it, 
as  it  is  widely  disposed  to  assume,  an  equal  sensation  of  immensity 
concerning  the  lofty  pile  of  layered  rock  which  canyon  wall  re¬ 
veals.  Yet  every  earth-student  who  visits  this  great  cleft  in  the 
rocks  seems  impelled  to  say  something  or  other  relative  to  a  cer¬ 
tain  supreme  magnificance  of  the  geological  succession  of  forma¬ 
tions,  implication  being,  of  course,  that  comparable  with  the  un¬ 
matched  landscape  this  section  of  the  globe’s  crust  is  also  the 
grandest  and  most  complete  known.  From  the  early  visits  of 
Newberry  and  Marcou,  in  the  middle  of  the  last  century,  when 
the  rock  sequence  was  first  pictured  forth,  to  the  present  day, 
this  mile-high  span  of  rock  layers  is  made  commensurate  with  the 
scenic  sublimity  about.  Such  inference  is  not  by  any  means  a 
necessary  consequence. 
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Taken  in  its  several  parts,  its  Periodic  subdivisions  if  you 
please,  this  Grand  Canyon  succession  is  not  supremely  impressive, 
in  this  land  of  gigantic  relief  features.  There  are  hundreds  of 
sections  in  this  region  that  are  far  more  imposing.  There  are 
thicker  sections,  fuller  sections,  more  illuminating  sections,  in  al¬ 
most  any  one  of  the  thousand  and  one  desert  ranges  which  stud 
the  vast  Great  Basin  plains.  It  is  probably  because  of  the  ease  of 
distant  vision  that  so  exclusive  attention  is  devoted  to  the  Grand 
Canyon  section,  and  that  distraction  from  so  many  better  and  near¬ 
by  sections  is  so  prevalent.  But  this  very  ease  of  acquired  large 
perspective  clouds  the  effort  for  intensive  investigation.  Only  the 
general  features  strike  the  fancy.  Were  it  not  for  the  Grand 
Canyon  section  the  stratigraphy  of  the  entire  Southwest  would 
have  been  long  ago  unravelled  and  understood,  instead  of  being 
as  now  virtually  in  the  same  uncertain  state  as  it  was  when  first 
brought  in  to  public  notice  three-quarters  of  a  century  ago. 

It  is  not  disparagement  of  any  of  the  work  done  in  the  Canyon 
region  to  point  out  some  of  its  stratigraphic  limitations.  It  is  not 
decrying  the  unrivalled  spectacle  to  compare  its  strata  with  better 
outcroppings  of  neighboring  localities.  It  is  not  detracting  one 
whit  from  its  scenic  prestige  to  note  some  of  its  terranal  short¬ 
comings,  or  to  record  where  nearby  they  may  be  replaced.  Most 
urgent  desideratum  is  the  establishment  of  the  completest  geologic 
record  of  that  vast  expanse  which  we  designate  commonly  as  the 
Southwest. 

The  geological  formations  of  the  Grand  Canyon  resolve 
themselves  into  three  major  groups:  The  gray  rim-rock,  the  Red 
Wall,  and  the  black  crystalline  basement  supporting  the  inner 
gorge.  The  rim-rock  appears  to  represent  ^lid  Carbonic  deposi¬ 
tion.  It  is  the  layer  termed  the  Kaibab  limestone,  which,  500 
feet  thick  in  the  Canyon,  develops  immensely  to  the  eastward, 
until  in  New  Mexico  it  attains  a  thickness  more  than  tenfold 
that  figure,  and  where  it  carries  an  abundant  Missourian  fauna. 
The  bottom  of  the  Kaibab  limestone  marks  a  notable  uncon¬ 
formity,  although  no  mention  is  ever  made  of  the  fact  in  the 
literature  relating  to  the  region.  It  is  one  of  the  great  uncon¬ 
formities  of  the  North  American  continent.  Everywhere  it  bevels 
the  entire  Paleozoic  succession  beneath,  the  Proterozoic  sediments, 
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the  Archeozoic  sequence,  and  an  undeterminable  thickness  of  the 
^crystalline  Azoic  complex. 

^  The  Coconino  sandstone  appears  to  be  only  a  local  development, 
and  requires  no  further  consideration  in  the  present  connection. 
But  the  Supaian  series  of  shales,  a  thousand  feet  in  thickness, 
although  yielding  no  coals  in  the  Canyon  region  carries  important 
deposits  in  the  eastern  part  of  the  State  and  in  New  Mexico,  and 
seems  to  be  the  western  attenuation  of  the  Arkansan,  and  perhaps 
the  Des  Moines,  series  which  in  the  Wachitas  are  20,000  feet  in 
thickness. 

Famed  Red  Wall  limestone  remains  today  the  same  lurid  cliff 
that  it  presented  to  first  European  eyes  in  that  fateful  summer 
of  1540,  when  Garcia  Cardenas  and  his  handful  of  conquestadores 
ventured  upon  its  brink,  having  treked  over  from  Cibola  (Zuni) 
in  what  is  now  New  Mexico,  along  the  path  laid  out  by  Tobar 
to  the  Moqui  villages,  and  thence  on  to  the  Canyon.  It  is  yet 
undifferentiated  faunally ;  and  even  so  eminent  a  paleontologist  as 
Professor  Schuchert  on  a  recent  visit  deprecated  the  extreme 
paucity  of  its  fossils  and  the  universal  unsatisfactory  understand¬ 
ing  of  the  formation.  Yet  only  a  short  distance  away  Red 
Wall  resolves  itself  into  distinct  faunal  zones  and  lithologic  units 
as  clearly  defined  as  is  its  more  familiar  equivalent  section  on  the 
Mississippi  River.  In  sight  of  El  Tovar  Keokuk  fossils  are  as 
characteristic  and  as  plentiful  as  they  are  at  Keokuk  itself.  Burl¬ 
ington  crinoids  are  more  abundant  than  at  the  famous  fossil 
locality  in  Iowa.  And  Chouteau  fossils  surpass  in  numbers,  size 
and  perfection  anything  ever  obtained  from  the  original  localities 
in  central  Missouri. 

The  thin  Temple  Butte  limestone  barely  denotes  the  presence 
of  Devonic  sediments,  which  farther  east  are  a  thousand  feet  thick. 
The  unconformity  plane  at  its  base  in  the  Canyon  walls,  to  which 
scant  attention  is  usually  given,  is  amply  explained  in  its  great 
magnitude  by  the  presence  to  the  eastward  of  2000  feet  of  Devonic, 
Siluric  and  Ordovicic  strata.  To  the  southeastward,  under  the 
Mogollon  escarpment  the  Cambric  strata  exceed  a  mile  in  thick¬ 
ness. 

Proterozoic  sediments,  which  are  exposed  only  in  a  slender 
thread  along  the  River’s  edge,  find  elsewhere  in  Arizona  broad 
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expanse,  one  to  two  miles  in  thickness,  with  still  the  top  and 
bottom  not  in  sight.  Similar  sections  may  also  represent  Arche¬ 
ozoic  deposition  before  the  Azoic  basement  is  reached. 

So  it  is  not  the  Grand  Canyon  rocks  that  are  going  to  yield  us 
a  type-section  for  Southwestern  stratigraphy.  They  should  be 
studied  and  correlated  only  after  all  else  is  done.  What  is  most 
needed  at  the  present  time  is  the  plentiful  collection  of  fossils, 
not  in  the  Canyon  where  they  apparently  'do  not  exist  but  else¬ 
where  in  Arizona.  But  in  Arizona  fossil  collecting  is  a  lost  art. 
And  identification  of  fossils  is  an  art  still  longer  lost.  Grand  Can¬ 
yon  is  one  of  the  least  productive  fields  for  organic  remains. 
Unless  large  collections  of  ancient  life  forms  from  nearby  localities 
are  made  and  critically  studied  it  is  useless  to  place  very  much 
taxonomic  reliance  on  the  identifications  of  much  of  the  indififerent 
materials  as  has  been  done  in  the  past. 
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Volcanic  Ash  in  Glacial  TUI.  There  are  reports  of  deposits  of 
volcanic  ash  from  numerous  localities  on  the  Great  Plains.  So 
far  as  is  known  no  occurrence  is  recorded  from  the  prairies  east 
of  the  Missouri  River.  Recent  discovery  of  an  extensive  ash-bed 
in  central  Iowa  is  therefore  of  great  interest  not  only  because  of 
the  fact  that  it  is  the  eastern-most  locality  for  such  deposits  yet 
noted,  but  for  reason  that  the  geologic  time  of  the  volcanic  erup¬ 
tion  causing  it  is  narrowly  fixed.  The  Iowa  deposit  immediately 
underlies  the  Wisconsin  drift  sheet  and  immediately  overlies  the 
Peorian  loess.  A  clue  is  thus  afforded  for  determing  the  geologic 
date  of  the  several  western  ash  deposits  that  heretofore  is  not 
revealed. 

Of  all  geological  phenomena  represented  in  Iowa  those  illus¬ 
trating  volcanic  action  are  the  rarest.  Although  we  already  know 
of  the  presence  of  very  ancient  lava-flows  which  are  disclosed  in 
deep-well  drillings,  these  are  associated  with  rocks  very  much 
older  than  any  outcropping  in  the  state.  These  are  the  Keewena- 
wan  porphyries  of  the  Northwest.  From  that  very  ancient  date 
to  the  present  time  there  is  not  the  slightest  sign  of  volcanic  ac¬ 
tivity  descernible  in  all  the  State’s  very  full  geological  record. 

The  ash  uncovered  in  the  city  of  Des  Moines,  a  few  weeks  ago, 
is  that  pumaceous  glass  variety  which,  during  violent  volcanic 
eruptions,  is  thrown  high  in  the  air  and  is  wafted  far  abroad 
on  the  wings  of  the  wind.  The  material  is  an  impalpably  fine 
dust.  In  the  instance  of  Krakatoa,  in  the  Straits  of  Sunda,  in 
1884,  similar  volcanic  glass-dust  drifted  quite  around  the  world, 
and  produced  the  gorgeous  “red  sunsets”  for  many  a  month  after¬ 
wards.  Because  of  the  abundance  of  the  ash  and  of  its  thickness 
at  Des  Moines,  it  is  not  probable  that  the  site  of  its  origin  is  so 
far  away  as  the  other  side  of  the  earth.  Most  likely  the  material 
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came  from  some  of  the  later  eruptions  in  the  Rocky .  Mountains 
or  the  Pacific  Coast  ranges. 

That  the  eruption  that  furnished  the  glass-dust  for  the  Iowa 
deposit  was  a  notable  one  wherever  it  was,  is  clearly  indicated  by 
the  depth  and  volume  of  the  accummulation.  In  order  to  attain 
a  thickness  of  six  inches,  or  a  foot,  the  dust-cloud  from  the  vol- 
^  canic  vent  must  have  been  driven  by  a  strong  and  prevailing  wind. 

No  doubt  a  like  thickness  of  ash  spread  over  a  very  large  ex¬ 
panse  of  country,  probably  over  hundreds  and  perhaps  thou¬ 
sands  of  square  miles.  Except  in  especially  favored  localities 
this  dust  mingled  with  the  soil  and  soon  lost  all  evidence  of  its 
existence.  The  deposit  under  consideration  manifestly  owes  its 
preservation  to  the  circumstances  that  the  dust  settled  in  a  small 
pool  of  water  where  it  remained  undisturbed  from  further  wind 
action  and  fully  protected  from  the  erosive  influence  of  the  rains. 

This  notable  volcanic  ash-bed  is  brought  to  sky  in  the  course 
of  recent  extensive  grade-cuttings  on  Fifth  Avenue,  between 
Grand  Avenue  and  School  Streets,  in  the  city  of  Des  Moines. 
With  it  is  also  exposed  the  finest  succession  of  Glacial  deposits  ever 
disclosed  within  the  limits  of  the  state.  The  longitudinal  exposure 
is  over  half  a  mile,  and  the  vertical  cut  50  feet  as  a  maximum. 
It  is  essentially  a  north  and  south  cross-section  of  West  Hill> 
along  a  line  about  half  a  mile  from  the  Des  Moines  River.  The 
best  ash  sections  are  near  the  corner  of  Crocker  Street;  and  the 
formation  is  locally  christened  for  brevity  the  Crocker  Ash-bed. 

The  vertical  section  displayed  at  the  Crocker  Comer  is  as  fol¬ 
lows: 


7.  Soil,  black  loamy  ....  Feet  2 

6.  Till,  yellow,  bouldery,  (Wisconsin)  .  .  10 

5.  Sand,  very  fine,  gray  (volcanic  ash)  .  1 

4.  Loam,  black,  pebbleless  ....  1 

3.  Loess,  yellow  (Peoria)  ....  15 

2.  Till,  dark  red,  bouldery  (Kansas)  .  .  6 

1.  Shale,  variegated  (Carbonic),  exposed  .  4 


The  bed  of  volcanic  ash  lies  mainly  in  a  shallow  depression  in 
the  top  of  the  loess.  It  is  much  disturbed  and  broken,  a  feature 
probably  due  to  the  plowing  action  of  the  Wisconsin  ice.  On  the 
same  horizon  a  few  rods  away  is  a  bed  of  coarse  gravel  and 
small  boulders  containing  numerous  small  logs  of  charcoal,  which 
evidently  were  once  drift-wood. 
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The  occurrence  of  the  ash-bed  immediately  beneath  the  Wiscon¬ 
sin  till-sheet  and  directly  upon  the  Yarmouth-Sangamon-Peoria 
loess,  which  was  wind-formed,  fixes  the  time  of  deposition  as  also 
interglacial  —  probably  Peoria.  This  brings  the  date  of  deposi¬ 
tion  very  close  to  us,  geologically  speaking. 

In  casting  about  for  the  location  of  the  nearest  possible  source 
of  such  volcanic  material  we  naturally  look  first  of  all  to  the 
Southwest  which  would  be  the  direction  of  the  prevailing  winds. 


Fig.  14.  Volcanic  Ash  from  Iowa 


The  nearest  volcanic  eruption  of  the  violent  kind  that  we  know 
of  is  Mount  Capulin,  in  northeastern  New  Mexico.  This  is  an 
ash-cone  whose  magnitude  far  surpasses  that  of  famed  Vesuvius, 
It  is  3000  feet  high  and  its  crater  is  half  a  mile  across.  But 
Capulin  is  very  recent.  Its  last  eruption  perhaps  scarcely  ante¬ 
dates  the  landing  of  Columbus  on  the  western  continent.  There 
are  other  volcanoes  in  the  Capulin  field  which  might  have  served, 
for  volcanic  outburst  there  was  continuous  throughout  Quaternic 
and  part  of  Tertic  time.  Spanish  Peaks  in  southeastern  Colorado, 
seem  too  early  in  their  last  eruptions.  Another  possibility  is  the 
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San  Francisco  group  of  volcanoes  in  northern  Arizona,  where, 
more  than  400  vents  of  all  sizes  and  many  dates  occupy  a  circum¬ 
scribed  area.  Volcanoes  of  the  Pacific  Coast  are  all  almost  out  of 
question. 

Although  this  appears  to  be  the  first  announcement  of  an  oc¬ 
currence  of  volcanic  ash  in  Iowa  it  is  perhaps  not  nearly  so 
unusual  a  phenomenon  as  might  be  inferred.  Now  that  the  exact 
stratigraphic  hoiizon  is  determined  numerous  other  deposits  may 
be  expected  to  be  speedily  found.  Because  of  the  fact  that  the  ash- 
beds  of  the  kind  under  consideration  are  eolian  deposits,  their 
positions  are  uneflected  by  the  ordinary  means  of  deposition. 
Then,  too,  the  determination  of  the  exact  age  enables  certain 
similar  beds  in  Nebraska,  as  noted  by  Todd,  to  be  placed  and  cor¬ 
related.  With  the  western  extension  of  these  correlations  we 
may  confidently  expect  at  no  distant  day  the  tracing  of  the  Iowa 
deposits  to  their  exact  vent  of  eruption. 

The  volcanic  ash  as  seen  under  the  microscope  appears  as  sharp, 
angular  fragments  of  clear,  amorphous  glass,  wholly  without 
trace  of  crystal  structure.  This  dust  is  quite  characteristic  of  the 
pumaceous  glasses  usually  found  in  ash-cones  built  around  vol¬ 
canic  vents. 

Keyes 

Original  of  McGee's  Complex  Drift  Sections.  The  patent  efforts 
of  the  members  of  the  Iowa  Geological  Survey  to  discredit  the 
fundamental  observations  of  their  predecessors  in  the  State  can 
rebound  to  no  lasting  personal  preferment.  This  pernicious 
policy  is  nowhere  better  emphasized  than  in  an  implied  rectifica¬ 
tion  of  W.  J.  'McGee’s  now  classic  sections  of  the  Pleistocene 
deposits  on  Capitol  Hill,  in  Des  Moines,  as  recently  set  forth 
by  J.  H.  Lees,^  assistant  state  geologist,  whose  office  overlooks 
the  prospect.  Attention  would  not  be  called  to  the  matter,  un¬ 
ethical  as  it  is,  were  it  not  to  correct  gross,  albeit  unwitting, 
mistatements  of  fact,  and  resulting  inference  unwarranted  — 
assertions  already  allowed  to  go  too  'long  unchallenged.  McGee 
and  Call  and  Calvin  are  no  longer  with  us  to  defend  their  theses ; 
and  others  best  informed  concerning  the  original  contentions  are 

1  Proc.  Iowa  Acad.  Sci.,  Vol.  XXIII,  p.  167,  1917. 
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now  far  away.  But  the  later  visitors  in  the  field  should  move 
cautiously  before  making  such  sweeping  disparagements  on  the 
integrity  of  the  observations  of  the  high-minded  and  keen  investi¬ 
gators  who  have  gone  before  —  purest  spirits  that  ever  tarried  in 
Iowa  State. 

In  the  forty  years^  that  have  elapsed  since  McGee  examined 
these  road-cuttings  many  changes  of  course  take  place.  Repeated 
grading,  hill-side  erosion,  and  general  weathering  combine  speedily 
to  obliterate  the  freshness  of  the  first  exposures.  With  the  original 
descriptions  it  is  difficult  to  reconcile  them  with  exposure  features 
at  any  later  time.  Lees  never  saw  the  exact  sections  which  McGee 
protray ed.  He  was  never  able  to  do  more  than  brouse  over  the 
same  general  region.  And  now  recent  extensive  grading  and 
extension  of  the  Capitol  grounds  completely  obliterates  the  old 
outcrops  without  revealing  anything  new.  Unless  one  knew  just 
where  McGee’s  original  exposures  were  it  would  now  be  exceed¬ 
ingly  difficult  to  relocate  them.  The  fact  that  the  older  drift  in 
the  locality  was  deposited  on  a  very  uneven  surface,  with  the 
underlying  Carbonic  shales  often  bared,  enables  the  loess  to  rest 
sometimes  on  the  one  and  sometimes  on  the  other.  On  Capitol 
Hill  such  diverse  contrasts  occur  frequently  every  hundred  feet 
or  so. 

At  the  date  when  Lees  says  that  he  examined  the  drift  features 
on  Capitol  Hill  they  were  so  very  poorly  preserved  that  it  is 
doubtful  whether  any  of  McGee’s  critical  sections  could  be  seen 
to  advantage  much  less  satisfactorily  either  varified,  or  disproved. 
In  earlier  days  I  repeatedly  visited  the  sections  and  collected  fossils 
from  all  of  these  original  exposures,  when  they  were  still  fresh 
and  in  much  the  same  condition  as  when  McGee  left  them,  and  I 
can  unqualifiedly  testify  as  to  the  accuracy  of  his  statements  down 
to  the  minutest  particular.  This  is  also  the  expressed  opinion 
of  Calvin,  Bain,  Leonard,  Spencer,  Todd,  Shimek,  and  others 
who  viewed  and  discussed  the  sections  before  they  had  become  so 
badly  weathered  and  covered  as  to  be  almost  unrecognizable. 

The  poor  or  obliterated  condition  in  which  Lees  finds  the  sec¬ 
tions,  the  partial  peep  at  them  which  is  allowed  him,  and  the  cir¬ 
cumstance  that  in  so  short  a  distance  away  exposures  occur  which 

2  Am.  Jour.  Sci..  (2),  Vol.  XXIV,  p.  202,  1882. 
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do  not  actually  display  well  an  older  drift  sheet  are  no  reflection 
on  the  trustworthiness  of  McGee’s  observations;  nor  do  they 
miltitate  in  any  way  against  the  correctness  of  the  McGee  con¬ 
clusions.  Inference  from  Lees’  argument  is  that  the  loess  does 
not  separate  two  drift  sheets,  and  that  “there  is  no  trace  of  a  drift 
beneath  the  loess.”  Lees’  observations  are  manifestly  faulty, 
partial  and  essentially  superficial  in  the  extreme,  and  his  conclu¬ 
sions  are  necessarily  forced  and  without  warrant. 

It  so  happens  that  the  McGee  sections  on  Capitol  Hill  are  not 
isolated  ones,  on  the  interpretation  of  which  must  stand  or  fall 
the  verity  of  his  records.  McGee  gave  other  sections  in  the 
neighborhood  and  on  the  west  side  of  the  Des  Moines  River  which 
display  clearly  identically  the  same  phenomena. 

But  the  McGee  observations  have  another  and  very  recent  and 
complete  verification.  On  West  Hill,  in  Des  Moines,  extensive 
grading  on  Fifth  Street,  north  of  Grand  Avenue,  display  superb 
sections  showing  the  loess  separating  the  two  drift  sheets  (plate 
xxxvii).  Moreover,  at  the  very  lowest  part,  in  protected  depres¬ 
sions,  appear  to  be  remnants  of  a  third  and  still  older  till,  which 
may  prove  to  be  the  Nebraskan  drift.  So,  even  after  almost  half 
a  century,  McGee’s  once  startling  records  are  indisputable  sub¬ 
stantiated.  Ke;ye;s 

Permian  Glacial  and  Continental  Deposits  in  Argentina.  Cur¬ 
rent  maps  of  Permian  formations,  as  for  example  that  published 
by  Schuchert  in  his  Carnegie  Institution  paper  on  climate  and 
reproduced  in  his  Historical  Geology,  show  no  glacial  deposits  in 
the  Argentine,  although  scattered  areas  of  supposed  Permian  till 
have  long  been  known.  Most  of  the  literature  dealing  with  these 
Argentine  Permian  till  deposits  has  been  in  the  Spanish  language 
and  has  been  published  in  official  or  other  publications  of  the  Re¬ 
public.  It  is  apparent  that  little  of  it  is  known  to  students  in 
general,  although  the  publications  of  the  Argentine  Survey,  the 
Museums  of  La  Plata  and  Buenos  Aires,  and  the  National  Acad¬ 
emy,  at  Cordoba,  are  most  meritorious  and  rank  easily  with  similar 
publications  of  other  countries. 

Quite  recently  Keidel  ^  in  a  memoir  entitled  “Sobre  la  Distri- 

1  Bol.  Acad.  Nac.  de  Ciencias  en  Cordoba,  tomo  XXV,  pt.  3a,  1922. 
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bucion  de  los  Depositos  Glaciares  del  Permico  conocidos  en  la 
Argentina  y  su  significacion  para  la  estratigafia  de  la  paleogeo- 
grafica  del  hemisferio  austral”  has  brought  together  all  that 
is  known  concerning  the  Permian  glacial  deposits  of  Argentine 


in  a  paper  published  in  the  Bulletin  of  the  National  Academy  at 
Cordoba.  Tillites  in  Argentina  were  first  discovered  in  1912  in 
the  Sierra  of  Pillahuinco  in  the  province  of  Buenos  Aires. 
Two  years  later  they  were  reported  from  numerous  localities 
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in  a  belt  extending  for  several  degrees  in  the  Pre-Cordillera 
in  the  provinces  of  ^Mendoza  and  San  Juan.  In  the  latter  region 
the  section  is  much  more  complete  than  farther  to  the  eastward 
and  the  Permian  tillites  rest  dicordantly  on  the  Carbonic  or 
older  rocks.  More  recently  similar  deposits  have  been  discovered 
in  the  Pampean  Sierras. 

Many  stratigraphic  and  other  details,  as  well  as  paleogeographic 
speculations,  are  given  by  Keidel,  although  of  course  much  remains 
to  be  learned,  and  the  contiguous  areas  both  to  the  north  and 
south  are  little  known.  The  general  sequence  of  the  Permian 
and  succeeding  deposits  in  the  Pre-Cordillera  may  be  illustrated 
by  the  section  exposed  in  the  La  Rioja  region,  which  is  as  follows : 

I  Lias  (marine). 

I  Unconformity 

f  Rhaetic  (continental). 

J  Unconformity 
]  Early  Triassic  (continental),. 

[  Unconformity 

[  Catuna  formation 
I  Unconformity 
]  Jejenes  formation 
(Umango  Series)  (  Zonda  formation 

[  Tontal  formation,  (glacial). 

The  accompanying  sketch-map  shows  the  general  position  of 
these  deposits  as  they  are  at  present  known.  It  may  be  predicted 
with  a  good  deal  of  assurance  that  subsequent  exploration  in  the 
sub-Andean  zone  will  show  that  the  continental  Permian  extends 
southward  in  that  region  into  Patagonia,  and  northward  as  far 
at  least  as  south-central  Bolivia. 

Edward  W.  Berry 

Climatic  Index  of  Bonneville  Lake  Beds.  Because  of  the  fact 
that  they  have  been  thought  to  furnish  undoubtable  stratigraphic 
testimony  in  support  of  the  conception  of  the  duality  of  the 
Glacial  Epoch  the  lacustral  deposits  of  the  Great  Salt  Lake  Basin 
of  Utah  hold  an  especial  interest.  Where  best  exposed  these 
beds  occupy  a  vertical  space  of  about  100  feet ;  but  their  total 
thickness  is  without  question  considerably  greater  than  this  figure. 
The  main  body  of  the  formation  comprises  fine,  laminated,  cal- 
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careous  materials,  of  uniform  texture  and  yellow  color.  An  upper 
section,  of  irregular  thickness,  from  2  to  20  feet,  is  notably  limy, 
white,  and  more  or  less  indurated  in  certain  layers.  The  white 
marly  upper  capping  is  sharply  separated  from  the  yellow  lower 
beds  by  an  irregular  line  of  juncture  which  has  every  appearance 
of  being  a  marked  plane  of  unconformity. 

The  common  historical  interpretation  of  the  general  section  is 
briefly  this :  The  lower  yellow  beds  are  regarded  as  representing 
river  silts  deposited  in  the  lake  over  a  very  long  period  of  time 
when  an  early  Bonneville  w'ater-level  was  nearly  as  high  as  the 
later  Bonneville  shore-line.  The  white  marly  beds  are  depositions 
of  a  shorter  high-water  stage  of  the  Lake.  The  irregular  line 
between  the  white  and  yellow  sections  is  viewed  in  the  light  of  an 
unconformity,  the  interval  represented  being  a  stage  between  two 
high-water  marks  when  the  old  lake-water  completely  dried  up. 
Early  Bonneville  yellow  beds  are  correlated  in  time  with  a  first 
epoch  of  humidity  superinduced  by  conditions  of  glaciation,  while 
the  white  later  Bonneville  beds  belong  to  the  second  Glacial  epoch. 
The  two  parts  of  the  section  are  thus  represented  as  being  separat¬ 
ed  by  an  erosional  interval  of  long  duration,  occupying  a  time 
between  two  epochs  of  large  rainfall  and  notable  ice- forming. 

Two  features  in  particular  militate  strongly  against  these  de¬ 
posits  either  being  normal  stream-silts,  or  being  laid  down  during 
two  distinct  epochs  separated  by  a  long  epoch  of  excessive  dry¬ 
ness.  This  simpler  and  very  different  interpretation  for  the  phe¬ 
nomena  presented  does  not  postulate  violent  and  frequent  changes 
of  climate.  It  appeals  to  no  other  than  the  ordinary  climatic 
conditions  and  geologic  processes  that  prevail  today  in  the  region. 
It  takes  into  account  only  the  familiar  geological  activities  of  the 
desert. 

Close  examination  of  the  deposits  discloses  the  fact  that  they  are 
not  typical  stream  silts,  but  that  they  have  a  grain  very  much 
coarser.  In  size  the  individual  particles  appear  to ‘be  about  mid¬ 
way  between  those  of  normal  clay  and  fine  sand.  Although  ob¬ 
scurely  laminated  the  material  in  all  physical  aspects  seems  to  be 
essentially  loess,  or  adobe.  Thus,  instead  of  being  normal  river 
silts  swept  into  still  water  these  deposits  really  represent  dust 
borne  by  the  wind  from  the  neighboring  deserts  that  have  dropped 
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on  the  surface  of  the  lake  waters  and  have  settled  to  the  bottom. 

Compared  with  desert  deposits  of  other  regions  the  white,  marly 
upper  beds  of  the  section,  which  have  such  a  variable  thickness, 
are  essentially  what  the  Mexicans  call  calische.  It  is  formed 
through  ordinary  soil  tension  by  which  lime  salts  of  moist  porous 
formations  below  are  carried  to  the  surface  of  the  ground  where 
the  water  evaporates  leaving  behind  the  solids.  In  some  places 
there  is  sufficient  lime  deposited  interstitially  to  give  the  beds  the 
aspect  of  chalk.  Upon  further  induration  some  layers  pass  into 
limestone. 

The  juncture  of  the  yellow  and  white  beds  is  a  sharp,  irregular 
line  that  is  easily  mistaken  for  an  erosion  unconformity.  That  it 
is  not  at  all  probable  that  in  the  Bonneville  Basin  this  line  actually 
represents  unconformable  relationships  between  the  beds  above 
and  those  below  is  clearly  indicated  by  the  fact  that  the  phenome¬ 
non  is  a  common  one  throughout  arid  lands  wherever  porous 
formations  reach  sky. 

The  yellow  Bonneville  clays  do  not  appear,  therefore,  to  repre¬ 
sent  a  deposit  which  was  laid  down  during  a  high-water  precursor 
of  the  high-stage  Lake  Bonneville;  and  the  irregular  line  separat¬ 
ing  the  yellow  and  white  sections  does  not  stand  for  a  long  inter- 
lacustrine  epoch,  when  the  lake  waters  were  completely  desiccated, 
during  a  dry  interglacial  time.  The  white  marls  seem  to  be  very 
recent  in  formation,  produced  directly  from  the  yellow  clays  long 
after  Bonneville  waters  had  finally  receded.  Their  especial  cli¬ 
matic  significance  is  manifestly  very  different  from  that  formerly 
postulated.  The  ascribed  pecularities  seem  to  be  really  every-day 
phenomena. 
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Golden  Age  in  Geology,  81 
Grabeau,  A.  W.,  mention  in  China, 
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gorge,  132;  Palacial  Section,  409; 
Permian  rocks,  147 ;  Utah,  294 
Grand  River,  canyon,  Utah,  288 
Gray  Drift  of  Minnesota,  387 
Great  Basin  Ranges,  overthrusts, 
253-;  research  problems,  223 
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Great  Plains  Region,  eolic  depletion, 
162;  James’  suggestion  of  irriga¬ 
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Griswold,  L.  S.,  cited,  264 
Grout,  F.  F.,  cited,  31 
Guadalupan,  Series,  defined,  156 
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405;  origin,  405;  properties,  404 

Hall,  C.  W.,  cited,  316 
Hall,  J.,  cited,  53,  149,  344;  quoted, 
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Hawes,  G.  W.,  cited,  357 
Haworth,  E.,  cited,  407 
Hay,  R.,  cited,  378 
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Hershey,  O.,  quoted,  364 
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Highlands  of  Missouri,  Devonic  out¬ 
liers,  271 

Hilgard,  E.  W.,  quoted,  283 
Hill,  R.  T.,  cited,  268 
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Himalaya  mountains,  370 
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Hjame,  E.,  cited,  55 
Hogbom,  A.  G.,  cited,  3U 
Holbrook  sandstones,  336 
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Huethawali  limestones,  336 
Hunt,  T.  S.,  cited,  315 
Hurricane  fault  in  Utah,  288 
Hutton  hypothesis  of  crustal  ex¬ 
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Ice,  bridging  ages,  349 
Illinoian  drift  in  Minnesota,  390 
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Intermontane  rock  floors  of  Arizona, 
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to  America,  1 
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sota,  398 
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Jarnes,  Edwin,  cross-section  of  con¬ 
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273 ;  portrait,  273 ;  Shawneetown 
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sure,  277 
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Jillson,  W.  R.,  Carbon  Black  in  Ken¬ 
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Jillson,  W.  R,,  cited,  18 
Johnson,  S.  W.,  cited,  407 
Joly,  J.,  quoted,  53 
Jonas,  J.,  cited,  40 
Jordan  sandstone,  323 
Julian  limestone,  315 
Julien,  A.  A.,  cited,  357 
Jurassic  peneplanation,  124 
Jurassic  rocks  of  Arizona,  246; 
South  America,  212 

Kaibab  forest,  294 
Kansan  drift  Minnesota,  393;  gla¬ 
ciation,  Washing^ton,  362;  tills, 
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Kansas  formations,  85;  Kansan  ice 
sheet,  378;  map  of  glaciation,  378; 
Nebraskan  ice,  382 
Kaolin  of  Missouri,  James’  account, 
280 

Kaskaskia  formation,  naming,  150 
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Kettle  moraine  in  Wisconsin,  350 
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391 

Keyes,  C.,  Absence  of  Laramian 
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Modern  Geology  into  America,  1 ; 
Late  Paleozoic  Fossils  on  Summit 
of  Ozarks,  263;  Measure  of  Eolic 
Depletion  of  Great  Plains,  162; 
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150;  hiatus  in  New  Mexico,  152; 
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Large,  T.,  Glacial  Border  of  Spo¬ 
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Louderback,  G.  C,,  cited,  259 
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Magnesian,  Permian  limestone,  315 
Maps,  .Cambric  of  South  America, 
188;  Carbonic  of  South  America, 
200;  Cretacic  of  South  America, 
216;  Del  Rio  region  Arizona,  309; 
Devonic  of  South  America,  196; 
Eocene  of  South  America,  216; 
Glaciers  in  Minnesota,  395;  Hon- 
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sic  of  South  America,  212 ;  Mazat- 
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drift  sheets,  383;  Ordovicic  of 
South  America,  188;  Pennsylvania 
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tion  in  Argentina,  420 ;  Permian  of 
South  America,  204;  Pliocene,  of 
South  America,  216;  Siluric  of 
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most  glaciation  in  Kansas,  378 ; 
Tertic  of  South  America,  216 ; 
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Marcou,  J.,  quoted,  124,  147 
Marr,  J.  E.,  quoted,  283 
Martin,  G.  C.,  cited,  22 
Maryland,  new  Terebratula,  19 
Mazatzal  quartzites  of  Arizona,  299 ; 
section,  304 

Mazatzal  ranges,  in  Arizona,  loca¬ 
tion,  299 

McElmo  shales,  337 
McGee,  W.  J.,  cited,  64,  322,  350, 
417 ;  portrait,  349 

McGee’s  original  complex  drift  sec¬ 
tion,  416 

McNary,  J.  G.,  tribute  to  F.  Spring¬ 
er,  183 
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Michel-Levy,  A.,  cited,  114 
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Mines  of  Spain,  88 
Mining  Geology,  87 ;  antimony  de¬ 
posits  of  Washington,  94 ;  Chu- 
padera  iron  deposits,  89;  Coal 
Fields  of  Kentucky,  88;  Precursor 
of  Modern  Mining  Organization,  87 
Miocene  erosion,  in  Utah,  132 
Minnesota,  correlation  of  Cambric, 
326;  Driftless  area,  384;  Glacial 
drift  sheets,  383;  Gray  drift,  384; 
Hinkley  sandstone,  317 ;  Illinoian 
drift,  388;  Iowan  drift,  397;  Kan¬ 
san  drift,  393 ;  Kewatin  glacier, 
395;  Labradorian  glacier,  395;  Ne¬ 
braskan  drift,  392;  Old  drift,  384; 
Oldest  drift,  384;  Patrician  gla¬ 
cier,  398;  Red  drift,  384;  till  and 
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Young  drift,  384 
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Missouri,  Aux  Vases  Sandstones, 
339 ;  Devonic  outliers  on  High¬ 
lands,  271 ;  Ferruginous  sand¬ 
stone,  341;  formations,  85;  James’ 
account  of  Kaolin,  280 
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Monadnocks  of  Rocky  Mountain  re¬ 
gion,  127 

Monoclinal  flexures,  diagram,  78 
Montana,  oil  pools  in  flat  arches,  92 
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Moore,  R.  L.,  cited,  378 
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Morton,  S.  G.,  cited,  19 
Mountain  building  experiments,  73 
Aluddy  Mountains  thrust,  256 
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Multiple  ice  age,  357 
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12 
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bridge  in  Utah,  288;  Nonnezoshie 
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till  in  Kansas,  382 
Nephelite  basalt  of  Bavaria,  113 
Nephelite-feldspar  basalts,  114 
Nevada,  Great  Basin  ranges,  62; 
overthrusts  in  Great 'Basin  ranges, 
253;  research  problems,  223 
New  Jersey,  Cretacic  section,  28; 
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peneplain,  124 
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New  Terebratula  from  Eocene  Ter- 
ranes  of  Maryland,  19 
Newberry,  J.  S.,  quoted,  349 
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84 

Nonnezoshie  natural  bridge,  view, 
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North  Peak  section,  304 
Norton,  W.  H.,  cited,  317 
Norwood,  J.  G.,  cited,  342 
Nuttall,  T.,  biography,  6;  Carbonic 
fossils,  3 ;  portrait,  1 ;  trip  to  west, 
2 

Nuttall,  T.,  quoted,  314 


Official  Opening  of  China  Geologi¬ 
cal  Survey,  105 

Oil  Geolog}--,  see.  Petrolic  Geology 
Oil  Pools  in  Flat  Arches  in  Mon¬ 
tana,  92 

Okanogan  Valley  antimony,  94 
Old  drift  in  Minnesota,  384 
Oldest  drift  in  Minnesota,  384 
Oneota  limestone,  322 
Orabai  sandstones,  337 
Ordovicic  rocks,  Arizona,  239;  dis¬ 
covery  in  New  Mexico,  142;  Penn¬ 
sylvania,  39;  South  America,  188 
Ore-bodies,  structure  of  antimony 
deposits,  95 

Ore  deposits,  gold  of  deserts,  165 
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section,  416 
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tation,  51 

Orton,  E.,  cited,  349 
Ossowsld,  J.,  cited,  31 
Outlines  of  South  American  geol¬ 
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Owen,  D.  D.,  cited,  344;  quoted,  314 
Overthrusts  in  Great  Basin  Ranges, 
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Overturn  plication,  diagram,  766 
Ozarks,  Paleozoic  fossils,  263;  Ter¬ 
tic  age,  264 
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sin,  289  ' 
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tiquity  of  Lingula,  ^1 ;  Balano- 
crinus  in  America,  262 ;  Biotic  Tax¬ 
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266;  Devonic  outliers  on  Missouri 
Highlands,  271 ;  Employment  of 
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American  Geology,  265 ;  Paleozoic 
Fossils  on  summits  of  Ozarks,  263 
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Ozarks,  263 

Paleozoics  of  Rio  Grande,  154 
Palouse  soil  of  Washington,  360 
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Pearce,  E.,  cited,  32 
Pearce,  J.  N.,  cited,  403 
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Peneplains,  Carazon,  124 ;  correla¬ 
tion  of  Rocky  Mountain,  137 ; 
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33;  Maya,  126;  Raton,  125;  Rocky 
Mountain  region,  123;  Tucumcari, 
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Pennsylvania,  anorthosites,  29 
Pennsylvania,  in  Time  Span,  153; 

scope  of  term,  153 
Pentremital  limestone,  344 
Perchan  series,  337 
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tina,  420 

Permian  rocks  of  Arizona,  245 ; 
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South  America,  204 
Perry,  C.  C.,  appreciation  of  James, 
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Playfair,  J.,  cited,  55 
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Portraits,  James,  Edwin,  273;  Mc¬ 
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Reyer  hypothesis  of  crustal  glide, 
52 

Reynard,  A.,  cited,  12 
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view,  288 

Road  building  and  agriculture,  285 
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